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A B S T R A C T
Dietary fat has recently been shown to influence the metabolic 
responses to cytokine and endotoxemic models of inflammation. In these 
studies we have examined the influence of dietary fat on the metabolic 
responses to turpentine-induced inflammation. Weanling rats were given 20% 
fat diets based on corn oil, olive oil, butter oil or fish oil (16% olive oil + 4% 
fish oil) for 6 weeks. Trauma was induced by 3 subcutaneous injections 
(2ml/kg B.W.) at 48 h intervals. The rats were sacrificed after an overnight 
fast 6 days after the first turpentine injection along with the respective 
pairfed controls. Body composition, circulating levels of glucose, glutamine, 
insulin, total protein, albumin and zinc in serum and RNA, total protein, 
glutathione, and malondialdehyde (MDA) concentrations in both liver and 
gastrocnemius muscle were measured. Hepatic zinc and skeletal muscle 
glutamine concentrations were also estimated. Liver tissue membranes were 
extracted and their fatty acid profile was analysed.
After 6 weeks on the diets membrane lipid fatty acid content, (percent 
total), reflected dietary intakes with higher C 18:2n-6 in the corn oil (24%) 
compared with olive oil (8.8%), butter oil (8.4%) or fish oil (10%), and 
higher C 20:4n-6 in corn oil (14%) and olive oil (17%) compared with fish 
oil and butter oil (10% each). C 20:5n-3 was incorporated in fish oil fed rats 
only while C 22:n-3 was highest in fish oil (8.3%) compared with olive oil 
(3.7%) or butter oil (4%). In response to the turpentine, food intakes fell 
immediately in all the groups with butter oil (66%), fish oil (62%), olive oil
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(50%) corn oil (19%). this induced a similar growth inhibition and gradual
body weight loss over the 6 day period. Epididymal fat pad sizes were
markedly reduced (P0 .005) in corn oil with lesser reductions in other fats
compared to pairfed controls after injury. Liver and spleen enlargements were
prominent (P<0.005) in fish oil and olive oil diets. Serum and muscle protein
ra is  {eA
levels decreased significantly in/tfish oil, corn oil and olive oil diets. Liver
vcds e n
protein mass increased after trauma inwall diets. Liver and muscle RNA 
concentrations increased (PO.Ol) in all diets compared to pairfed controls 
with fish oil RNA content higher (P<0.01) than corn oil group. Serum and 
muscle glutamine fell markedly (PO.Ol) in all but fish oil diets.. A highly 
significant fall (PO.OOl) in serum zinc with concomitant increase in liver 
was observed in corn oil compared to other fat diets. Liver and muscle 
glutathione was reduced and MDA elevated after injury in corn oil compared 
to other fats. Fish oil appeared to resist alterations in glutamine, zinc and 
MDA concentrations. Glucose tolerance, measured at 10% fat level 24 h post­
trauma, was equally good in fish oil and olive oil groups. Butter oil and corn 
oil exhibited impaired glucose tolerance after injury and an insulin 
sensitivity half that of fish oil.
It would appear therefore that in this rat model, dietary fat at a level 
significant to alter membrane lipid profiles to an extent which could 
influence eicosanoid activity and membrane fluidity, does influence the 
metabolic response to inflammation. Corn oil exacerbates the response while 
fish oil and, to a lesser extent, olive oil exerts a suppressive effect on the 
inflammatory response.
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Part I
Effect of d ie ta ry  
corn oil, olive oil, b u t te r  oil or fish oil 
on th e  m etabolic  response  to  
prolonged system ic  in jury  
in th e  ra t
INTRODUCTION
Tissue injury, immunologic reactions and inflammatory processes 
induce a constellation of host responses collectively referred to as the acute- 
phase response, characterised by changes in metabolic, endocrinological, 
neurologic and immunologic functions (Dinarello, 1984). Cytokine 
production is an important component of inflammatory response. Interleukin- 
1 (IL-1) and tumour necrosis factor (TNF) are polypeptide cytokines 
synthesised by monocytes and other cells in response to injury (Beutler & 
Cerami, 1987; Dinarello, 1984). These cytokines induce local inflammatory 
changes and mediate several systemic acute-phase responses in terms of 
bringing about metabolic changes in the subject which lead to the provision 
of nutrients for the activated immune system (Male, et al, 1989; Grimble,
1990). As a result of tissue damage following i surgery, or burns and /  
infections, serum levels of certain proteins (acute-phase proteins) increase.
These acute-phase proteins include C-reactive protein (CRP), a - 1 antitrypsin 
(A1AT), fibrinogen, and a-2 macroglobulin (Kindmark, 1976).
In contrast to acute-phase proteins, serum levels of many proteins fall 
after trauma and remain low for several days. These include albumin, 
transferrin, pre-albumin and retinol binding protein (Kindmark, 1976; 
Moody, 1982). In trauma, the degradative reactions are accelerated to create 
negative nitrogen balance, the degree of imbalance being correlated with the
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severity of trauma. The increased excretion of nitrogen after trauma is the 
result of perturbation of the balance between the rate of protein synthesis and 
protein breakdown which leads to catabolism of the free amino acids 
(Kinney, 1977). Besides the drastic changes in muscle protein turnover, the 
glutamine concentrations in serum and muscle have also been reported to 
undergo marked changes following tissue damage by several workers 
(Tischler & Fagan, 1983; Jepson & Millward, 1991). The level of glutamine 
may be reduced sharply by almost 50% following catabolic states (Askanazi 
et al, 1980; Jepson & Millward, 1991).
Studies on glucose tolerance and insulin action after injury report a 
period of glucose intolerance with high insulin levels suggesting insulin 
resistance (Barton, 1985). Insulin has been shown to have a specific effect 
limiting net protein catabolism after trauma, independent of the source or 
number of calories provided. While more than 80 percent of the fuel required 
to meet the increased metabolic rate is derived from fat stores (Kinney, 
1977), the superiority of glucose over fat as a protein sparing calorie source 
in catabolic states is probably related to its ability to excite an insulin 
response (Woolfson et al, 1977).
It has already been established that the quality and quantity of 
dietary fat has a direct influence on structural lipids of tissue membranes 
(Spallholz, 1989; Gottenbos, 1985). The endocrinological changes 
following trauma could further influence the metabolic changes resulting
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from altered membrane lipids (Simopoulos et al 1991 ; Hayam et al, 
1993). Dietary fat has been shown to influence the acute-phase response 
following tissue damage and inflammatory stimuli (Grimble, 1992). The 
modulatory effects of a wide range of fats have been studied in 
experimental animals. It was demonstrated that fish oil, coconut oil and 
butter suppressed many metabolic effects of TNF-a induced 
inflammation in rats (Bibby & Grimble, 1990). Much attention has been 
focused on the effect of n-3 polyunsaturated fatty acids (fish oil) on the 
inflammatory response. The amelioration of inflammatory symptoms 
have been attributed to n-3 PUT A supplementation in the diets of 
patients possibly due to reduced production of cytokines (Endres et al, 
1989). Fish oil was shown to suppress the acute-phase response in a 
study comparing the effects of different fats, with a wide range of fatty 
acid characteristics, on protein and zinc metabolism in rats after TNF-a 
administration (Mulrooney & Grimble, 1993).
This study was undertaken to investigate the effects o f saturated 
fat (butter oil), polyunsaturated fat (corn oil), monounsaturated fat 
(olive oil) and n-3 PUFA (fish oil) on the metabolic responses to 
prolonged systemic injury in rats.
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R E V I E W  O F  L I T E R A T U R E
T R A U M A
Overview
Trauma, a physical injury to the body, viz., a wound, an elective 
surgery, burns or a bone fracture, draws an inflammatory response from the 
body of varying magnitude depending on the extent of tissue damage caused 
by the traumatising insult. Trauma triggers a cascade of events starting from 
neuroendocrine stimulation, the immunologic activation and finally the 
metabolic changes that result from them (Buckingham, 1985). The terms 
“ebb” phase and “flow” phase were coined by Cuthbertson in 1942, to 
describe the rising and falling tides of metabolic activity after trauma 
(Odling-Smee, 1981).
The ebb phase (Fig.l) may last upto 72 hours after injury when the 
patient is stabilised. All the changes are directed towards making as much 
energy as possible for immediate energy requirements. Hence this phase is 
dominated by neuroendocrine mobilisation of body fuels viz., glycogen, 
amino acids and triglycerides, causing hyperglycaemia (Barton, 1985). The 
flow phase of trauma is marked by hypermetabolism, an accelerated 
breakdown of body energy reserves resulting in continued hyperglycaemia 
triggered during ebb phase and high nitrogen losses due to protein breakdown
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leading to a negative nitrogen balance (Whitney et al, 1991).
This is followed by an adaptive phase in which the body adjusts to the 
stress leading to recovery. The pain and anxiety are relieved to some extent 
and the sympathetic activity is reduced. The catecholamines produced in the 
ebb phase are metabolised but the blood levels are still higher than normal. 
Glucose levels remain elevated and insulin levels are high relative to 
circulating glucose indicating insulin resistance (Heath, 1985).
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Figure 1. The ebb pha s e .  (Modif ied from O d l in g - S m ee ,  19 81 )
Plasma levels of albumin are decreased and that o f  acute-phase proteins 
are increased as a result o f their increased synthesis by the liver. Nutritional
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status o f  the patient at this stage is an important factor for rapid recovery. If 
the patient does not get exogenous substrate for energy to be used in 
metabolism, this stage may continue to the state of starvation (Odling-Smee, 
1981). The nutritional status o f  the patient has to be supportive or it may lead 
to exhaustion and hence the death (Whitney et al, 1991).
Trauma and the immune function
The immune system is composed of a variety o f  cells including T and B- 
cells (cellular and humoral immunity), subsets of these cells (Fig. 2) 
lymphokines, serum factors, the complement, macrophages and interactions of 
these various cell types.
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Figure 2. Immune  S y s t e m  Cel ls ,  Act ion and Resul t s .  (Whitney et al, 1991 ) 
Subsets o f  T-cells function either as helper, suppressor or killer cells.
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B-cells, the antibody producing cells are in some cases dependent on T-helper 
cell interaction while in other cases are inhibited by T-suppressor cell 
activity. Other B-cells are dependant on T-cell influence (Vitale & Broitman, 
1981). The antigenic and functional heterogenity of T-cell subsets and the 
many pathways of interaction with other cell types and immunopotentiating 
molecules provide a unique network that can give specificity to and fine tune 
immunologic responses (Chandra, 1983). T-lymphocytes also regulate 
responses of other immuno-competent cells. Helper-inducer T-cells facilitate 
antibody production by plasma cells and modulate interactions between 
lymphocytes and accessory cells through the release of lymphokines. 
Cytotoxic-suppressor T-cells destroy target cells or provide negative 
feedback to inhibit antibody response or down-regulate inflammatory 
response. Cytokines (also known as lymphokines and monokines depending 
on the cells of their origin) are nonimmunoglobulin secretory products of 
sensitised lymphocytes and monocytes which exert a marked effect on the 
behaviour of target cells involved in immunity and inflammation. These 
hormone like substances have multiple effects on different cells and are 
biologically active at extremely low concentrations (Dinarello & Mier, 1987).
The cytokines are secreted in response to injury, infection, 
inflammatory or immunologic challenges (Endres et al, 1989). These 
substances are synthesised in minute quantities and can be classified into the 
two main categories of activity; substances that affect the mobility of target 
cells and substances that provide regulatory signals to target cells (Dinarello
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& Mier, 1987). The role of cytokines in the modulation of immunity and 
inflammation has been a subject of extensive investigation over the recent 
years (Dinerello, 1984; Malroorj^ & Grimble, 1993). Immunoregulatory 
cytokines exhibit different functional effects viz., inhibitory, suppressive, 
stimulatory and inflammatory effects. Lymphotoxins lyse target cells and 
hence act as inhibitory suppressive cytokines (Vitale & Broitman, 1981; 
Sherry & Cerami, 1988), prostaglandins Ei also inhibit cell proliferation 
(Endres et al, 1989), while the stimulatory mediators e.g., interleukins 
amplify or initiate cell proliferation and differentiation or participate in cell 
to cell co-operation. The inflammatory cytokines relate to the factors in 
expression of cellular immunity as well as to the mediators that affect 
vascular permeability, the clotting cascade and the acute-phase reactant 
response (Roitt et al, 1985).
The major mediators of inflammation include interleukin-1 (IL-1) a  
and p, tumour necrosis factor-a (TNF-a) and interleukin-6. (Bibby & 
Grimble, 1991; Endres et al, 1989). More recently IL-1 and TNF-a have been 
identified as principal mediators of inflammation. They act synergistically on 
vascular endothelium, insulin production and the synthesis of metabolites of 
arachidonic acid (Endres et al, 1989; Bibby & Grimble, 1991). Both IL-1 and 
TNF-a can augment the capacity of monocytes to produce other inflammatory 
mediators such as prostaglandins, IL-6, and the neutrophil - attracting peptide, 
which has been renamed IL-8 (Oppenheim et al, 1987). TNF-a and IL-1 
injections have been used in experimental studies to induce inflammatory
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responses in animals (Bibby & Grimble, 1990; Ballmer et al, 1991). Other 
effects of these potent mediators of inflammatory response include induction 
of catabolic responses, enhancing the cytotoxic potential of their cells of 
origin —the macrophages, activation of lymphocytes, the metabolic activities 
of diverse tissues and augmenting the function of other cytokines (Mulrooney 
& Grimble, 1993; Sherry & Cerami, 1988). Among other important metabolic 
effects, IL-1 and TNF-a have been reported to induce anorexia and act as 
potent endogenous pyrogens (Whitney et al, 1991; Bibby & Grimble, 1991; 
Mulrooney & Grimble, 1993).
Acute-phase response
Tissue injury, immunologic reactions and inflammatory processes 
induce a constellation of host responses collectively referred to as the acute 
phase response (Fig.3), characterised by changes in metabolic, 
endocrinological, neurologic and immunologic functions (Dinarello, 1984).
Immediately after injury the mast cells release histamine and there is a 
very rapid increase in the production of bradykinins, activation of 
complement and a consequent increase in the amount of highly vasoactive 
compounds in the circulation (Hurley, 1972). Advances in the study of 
proteins, including the introduction of immunological techniques, have made 
it possible to study the changes in concentration of the individual proteins 
(Werner, 1969).
The concentrations of many so-called ‘acute-phase’ plasma proteins
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increases after trauma (Wusteman et al, 1990). The sequence o f  changes in 
these proteins, usually referred to as acute-phase plasma protein response, has 
been observed in a variety o f  animal species in response to tissue damage 
following trauma and inflammation (Mulrooney & Grimble, 1993; Wusteman 
et al, 1990; Dinarello, 1984). Acute phase proteins include C-reactive protein 
(CRP), a -2  macroglobulin, a - 1-acid glycoprotein (orosomucoid, A1AG), a -1 -  
antitrypsin (A1AT) and fibrinogen (Kindmark, 1976).
TRAUMA
IL-1
S O M A T IC
M O T O R
S Y S T E M
White cells
IL-1 A U T O N O M IC  
N E R V O U S  S Y S T E M
Substrate
Muscle
Heat
Glucagon
InsulinPancreas
Cutaneous
vasoconstriction
Uptake of zinc, iron, amino acids  
and release of acute phase proteins
Figure 3. A c u te -p h a s e  r e s p o n s e  fol lowing trauma
CRP is synthesised by the hepatocytes and its plasma concentration can 
rise from less than 10mg/l to over 200mg/l in inflammation. This difference in 
concentration has made CRP a useful marker o f  inflammation (Pepys &
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Baltz, 1983). CRP seems to be involved in regulation of cellular and humoral 
immunity. It can bind to T-lymphocytes and alter their function by decreasing 
their proliferation and production of lymphokines (Mortensen et al, 1977 & 
1979). CRP is capable of inhibiting platelet aggregation and has been shown 
to activate suppressor T-cells (Fiedel & Gewurz, 1976; Vetter et al, 1983).
a - 1-Antitrypsin concentration increases during inflammatory 
conditions and accumulates at the site of injury probably aided by its low 
molecular weight (Blomback & Hanson, 1979). Its main function is inhibition 
of serine proteases such as trypsin, chymotrypsin, plasmin, elastase and 
collagenase (Powanda & Moyer, 1981 a), and hence prevents blood proteins 
from enzymatic breakdown and also protects proteins at the site of injury 
from proteases secreted by neutrophils (Powanda & Moyer, 1981 b; 
Blomback & Hanson 1979).
a-2 Macroglobulin (A2M) is synthesised by fibroblasts, monocytes, 
lymphocytes and by liver as well (Powanda & Moyer, 1981). Its concentrations 
at the site of inflammation are increased and with A1AT plays an 
immunomodulatory role in inhibiting proteases at the site of injury. About 
40% of serum Zinc is irreversibly bound to A2 M (Song & Adham, 1979). 
Wusteman and co-workers (1994) reported a 60-fold increase in mean plasma 
a-2 macroglobulin concentrations after a turpentine induced clinical injury in 
rats.
Haptoglobin, a glycoprotein irreversibly binds haemoglobin forming a
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complex haemopexin which has peroxidase activity (Owen et al, 1960). It is 
cleared from the circulation rapidly by reticuloendothelial system (Blomback 
& Hanson, 1979). This complex has been found in inflammatory exudates, 
and it is suggested that when cleared by the macrophages at injury site, may 
lead to mobilisation of amino acids, carbohydrates and iron to the general body 
pools, thus making them available for wound repair. The complex donates iron 
to proline hydroxylase which needs iron as a cofactor, the availability of iron to 
micro-organisms is also reduced (Powanda & Moyer, 1981).
a - 1-Acid glycoprotein (A1AG) concentration during inflammation can 
rise to more than 2 g/1 and accumulates in inflammatory effusions (Ganrot, 
1974). A 1 AG has been shown to be involved in inhibition of platelet 
aggregation and may be involved in .formation and spacing of collagen fibres 
(Angostoni & Marasini, 1977)
As with other aspects of the metabolic response to injury, the degree of 
tissue damage is evidently of importance in the activation of the acute-phase 
response. The increases in concentration of the different acute-phase proteins 
follow different time courses (Colley et al, 1983). In all cases there is a lag phase 
of about 6 hours before the protein concentration starts to rise, during which 
there are increases in cortisol, maximal at about 6 hours, and white blood cells, 
maximum at 8-10 hours. Among proteins, CRP shows the most rapid increase 
after surgical operations (Myers et al, T984). Serum concentrations of A1AG 
and fibrinogen decrease, significant at 2 and 4 hours respectively, before they
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start increasing. Similar changes have been reported for A1AT and 
haptoglobin suggesting a common mechanism (Myers et al, 1984 ; Lamy et 
al, 1978). However, in a recent study, Jennings et al (1992) reported that 
protein deficiency can alter the pattern and magnitude of the acute-phase 
responses and circulating protein concentrations to an extent that is 
dependent on the severity of protein deficiency.
In contrast to the acute-phase proteins many proteins show decreased 
serum levels after trauma and remain low for several days. These proteins 
include albumin , transferrin, pre-albumin and retinol binding protein 
(Aronsen et al, 1972; Moody, 1982). While there is ample evidence of 
albumin catabolism following trauma, the breakdown is not enough to 
account for the decreased serum concentrations of the protein (Ballantyne and 
Fleck, 1973; Davies, 1982). Several factors explain the mechanisms by 
which: a) the serum concentrations of some proteins decrease after trauma, 
whereas (b) concentrations of other proteins increase, and (c) many of those 
that increase show an initial fall. Major factors influencing these changes 
include:
I. Changes in plasma volume.
II. Changes in rates of synthesis or breakdown.
III. By infusion into or losses from the blood.
IV. Exchange with extravascular spaces e.g. degree of hydration 
and distribution of fluid between intravascular and extra- 
vascular compartments.
Decrease in albumin concentrations could be attributed to increase in
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extravascular albumin after trauma. It is also postulated that the decrease in 
acute-phase proteins in early stages of trauma is also a result of increased 
vascular permeability. The differences in degree of changes in concentrations 
may be the result of differences in molecular size and physical properties of 
the individual proteins (Fleck, 1985).
Cytokines and the acute-phase response
One of the hallmarks of the cellular response to tissue injury and sepsis 
is the recruitment and activation of both polymorphonuclear leucocytes and 
macrophages. Cytokine synthesis by monocytes and other cells is an 
important component of response to injury. These cytokines induce local 
inflammatory changes and mediate several systemic acute-phase responses in 
order to bring about metabolic changes in the subject which ultimately lead to 
provision of nutrients for the activated immune system (Male et al 1989; 
Grimble 1990).
The increase in concentration of the acute-phase proteins, which occurs 
several hours after injury, stimulates the macrophages to produce IL-1. This 
stimulation is triggered by the products of tissue damage. IL-1 causes the 
liver to ‘switch on’ the synthesis of the acute-phase proteins (Fig.4) with 
consequent increase in their plasma concentrations (Sehgal, et al, 1989)
The ability of TNF-a to activate acute-phase protein synthesis and its 
direct and indirect effects on protein metabolism in liver are well documented
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(Dinarello, 1984; Bibby & Grimble, 1990). Indirect effects occur by induction 
of IL-1 and interleukin-6 (IL-6) and elevation of circulating glucocorticoid, 
glucagon and catacholamine concentrations by TNF-a (Mulrooney & Grimble, 
1993). Although all inflammatory cytokines have similar metabolic effects, TL- 
1 and IL-6 have been shown to exert more comprehensive effects on acute- 
phase protein response (Heinrich et al, 1990) compared to TNF-a.
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Figure 4. Control loops in cytokine biology. +, stimulates; -, inhibits. ( Grimble, 1992 )
Another biologically active mediator, leucocytic endogenous mediator 
(LEM), was reported in early 70’s to not only induce fever but to initiate 
other components of acute-phase response, including increased synthesis of 
the acute-phase proteins and liver RNA (Kampschmidt et al, 1973). LEM,
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produced by macrophages later became included in ÏL-1 family 
(Kampschmidt et al, 1982). Proteolysis-inducing factor (PIF), a mediator was 
reported by Clowes and team workers (1983) to cause release of amino acids 
from muscle in vitro. These mediators, earlier named by the biological 
response they elicited, are now grouped in one diverse cytokine family 
(Whicher & Evans, 1990).
Inflammation
Inflammation is a complex of sequential changes in the tissue in 
response to injury. The cellular inflammatory response is the mechanism by 
which the body defends against infection and repairs damaged tissue. In order 
to activate the cellular inflammatory response rapidly and to protect the body 
from the potent cellular inflammatory mediators, these mediators are stored 
either preformed in cytoplasmic granules or as phospholipids available to be 
newly generated in the cell membrane (Broide, 1987). Elements of immune 
system are directed to the site of injury as a response comprising three main 
events namely:
a) An increased blood supply to the area.
b) Increased capillary permeability caused by retraction of the 
endothelial cells. This permits larger molecules to traverse the 
endothelium than would ordinarily be capable, thus allowing the 
soluble mediators of immunity to reach the site of injury or 
infection.
c) Leucocytes, particularly neutrophil polymorphs, and to a lesser 
extent macrophages, migrate out of the capillaries and into the
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surrounding tissue. Once in the tissue they are attracted to the site 
of injury by a process called chemotaxis.
These three events manifest themselves as inflammation. Four enzyme 
systems interact to control inflammation. These are the clotting system, the 
kinin system, the fibrinolytic system and the complement system. 
Immunological events interact with these systems and modulate inflammation 
via the complement system (Roitt, 1985).
Inflammatory stimuli cause the synthesis and release of prostaglandins 
and lipoxygenase products from the cells. The prostaglandins cause local 
vasodilation and potentiate the effects of other mediators of the inflammatory 
response such as bradykinin and histamine. These cause the pain, increased 
capillary permeability and oedema which are features of acute inflammation. 
Products of the lipoxygenase pathway, notably hydroxy and hydroperoxy 
trienes, are released from the leucocytes and are strongly chemotactic to cells 
of the immune system. This results in the rapid invasion of the inflamed or 
wounded area by these cells (Paterson, 1985).
Eicosanoids and inflammation
The eicosanoids (also known as prostanoids) include the 
prostaglandins, prostacyclins, thromboxanes and leukotrienes. They are C-20 
lipids synthesised from essential fatty acids (EFA) in particular arachidonic 
acid. The intracellular source of these EFA is the membrane phospholipids 
from which they are released by the action of the membrane-bound enzyme,
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phospholipase A2 . Depending on the cell type, the EFA are then the 
substrates for two other (Fig.5) membrane-bound enzymes: cyclo-oxygenase, 
leading to the production of an intermediate from which the prostaglandins, 
prostacyclin and thromboxanes are formed, and lipoxygenase whose products 
include the leukotrienes and other hydroxy fatty acid products (Paterson, 
1985; Needleman et al, 1979).
Essential fatty acids in diet
i
Phospholipids in membranes
P h o s p h o l i p a s e  A2
Free arachidonate
Prostaglandins Leucotrienes
Thromboxanes 
Prostacyclins
Figure 5. The pathways for the formation of the prostanoids
The end product of arachidonic acid metabolism depends on the type of 
cell and the organ (see also fig. 14 under oxidative stress). In kidneys mainly 
prostaglandins PGE2 and PGF2«, in blood platelets mainly thromboxane A2 
(TXA2) and in the vessel wall prostacyclin PGI2 are formed (Gottenbos, 
1985).
Leucocytes, lymphocytes and platelets metabolise arachidonic acid and 
eicosapentaenoic acid (EPA) to leukotrienes and other hydroxy fatty acids 
which play important role in hypersensitivity and inflammation (Goetzl,
19
1983). The ultimate precursor of the eicosanoids is linoleic acid belonging to 
n-6 family of polyunsaturated fatty acids (PUFA). Linolenic acid present as ot- 
linolenic acid in some vegetable oils and eicosapentaenoic acid present in fish 
oil belong to n-3 family of PUFA. EPA is also formed in the body from a- 
linolenic acid and is preferentially incorporated into the membrane 
phospholipids at the expense of arachidonic acid (Fig.6). EPA produces 
prostaglandins of the 3-series in vitro, e.g. TXA3 and PGU, whereas the
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p g e 3
p g f 3
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Figure 6. B iosynthesis  of e icosan o id s  from dietary fatty acids.  LT, leukotriene; PG, 
prostaglandin ; TX, thromboxane.
generation of prostaglandins of 3-series in vivo is negligible and that of 1-and
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2-series is greatly reduced (Tenhoor, 1980; Schacky et al, 1985).
The potent inflammatory reactions exerted by oxygenated metabolites 
of arachidonic acid (AA, 20: 4 n-6 ) formed by polymorphonuclear neutrophils, 
particularly those of the 5-lipoxygenase pathway-derived leukotriene B4, 
leukotriene C4 and leukotriene D4, are well established (Ziboh & Fletcher, 
1992). On the other hand n-3 generated eicosanoids competitively inhibit 
cyclooxygenase formation of n-6 derived eicosanoids (Kinsella et al, 1990). 
Moreover, eicosanoids derived from 20:5 co3 fatty acids have reduced 
inflammatory properties ( e.g. decreased platelet aggregation and 
polymorpho-nuclear neutrophil chemotactic effects) relative to eicosanoids 
produced from 20:4 ©6 (Ziboh & Fletcher, 1992; Palombo et al, 1993; 
Schacky et al, 1985). Dietary EPA (from fish oil), shown to displace n-6 fatty 
acids in membrane phospholipids (Palombo et al, 1993), besides decreasing 
the production of inflammatory eicosanoids, also decreases the production of 
IL-1 a  and p and TNF-a (Endres et al, 1989), thereby modulating the overall 
inflammatory response.
Experimental models of trauma
Experimental studies have used diverse methods to induce trauma 
and to elicit inflammatory responses in animals. Fracturing long bones 
of limbs has been used by several workers. Mechanical injury by 
repeated blows to skeletal muscle in rats has been employed in the past 
to induce local inflammation (Tischler & Fagan, 1983). Burns and 
necroting agents have been used to cause external tissue damage in some
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of the studies (Ardawi & Newsholme, 1987). Chemical induction of tissue 
damage is a simpler alternative of inducing “injury” which can be applied 
quickly and reproducibly. A successful chemical inducer of trauma would 
bring about a typical inflammatory response in the animal with a,more 
sustained metabolic response, and effects on protein synthesis, zinc and
glutamine metabolism accompanied by a full blown acute-phase protein
?response (Wusteman et al, 1990). Hypoalbuminemia and a complex shift in 
distribution of proteins is also a very important indicator of injury and 
inflammation (Myers & Fleck, 1988).
A wide range of substances have been used to induce clinical trauma 
or systemic injury responses. Intravenous injections of inflammatory 
cytokines like TNF-a and IL-1 have replaced earlier models to study 
metabolic changes during inflammatory response in rats (Endres et al 1989; 
Bibby & Grimble, 1990; Mulrooney & Grimble, 1993). Several workers 
used E. Coli lipopolysaccharide endotoxin to mimic septic shock in rats 
for protein and glutamine metabolism studies in that syndrome (Jepson et 
al, 1986; Jepson et al, 1988; Jepson & Millward, 1991). There is, however, 
a considerable controversy over the administration of endotoxin itself as a 
mediator of septic shock in man (Wichterman et al, 1980). The limitations 
in most of these models are as diverse as the methods themselves. 
Cytokines are cleared from the circulation rapidly and hence a sustained 
effect could not be observed. Endotoxins need to be injected several times 
for a sustained effect but the animal may develop resistance against the 
endotoxin. (Wusteman et al, 1990).
Recent studies have made use of subcutaneous injections of mineral
22
turpentine to induce trauma in rats. Woloski and team (1987) used this 
model to study hormonal changes after injury. Turpentine has also been 
used to study production and release of acute-phase proteins by liver 
(Moshage et al, 1987; Myers & Fleck, 1988).
Wusteman ;; e t  out (1990) showed that subcutaneous injection 
of turpentine induced discrete aseptic abcess in rats without detectable 
injury to other tissues. Moreover, the model was easily reproducible and 
drew classical inflammatory responses from the animal following its 
administration.
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M E T A B O L I C  R E S P O N S E S  T O  T R A U M A
Overview
Depending on the extent o f  traumatising insult, a train o f  metabolic 
events is set in motion by various stimuli elicited by tissue injury and mediated 
by the nervous system , the endocrine system and the immune system (Roitt et 
al, 1985).
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Figure 7. The f l ow pha se .  (Modified from O d l in g - S m ee ,  19 81 )
Severe injuries, besides the obvious deleterious effects o f  direct tissue 
damage and blood loss, may be compounded by infection, immobilisation and 
temporary starvation. Rapid mobilisation o f  body fuels orchestrated by
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hormonal changes (Fig.7), skeletal muscle protein breakdown, increase in 
acute-phase proteins with a subsequent decrease in plasma albumin (Endres et 
al, 1989) and a host of inflammatory responses are observed immediately 
following trauma.
Polypeptide cytokines, synthesised by monocytes and other cells in 
response to injury, induce local inflammatory changes and mediate several 
systemic acute-phase responses (Male, et al, 1989; Grimble, 1990). The 
effects of IL-1 and TNF-a in vivo include fever, shock, protein loss from 
muscle and alterations in the pattern of protein synthesis in liver (Dinarello, 
1987). The production of acute-phase proteins is enhanced and that of serum 
albumin decreased (Wusteman et al, 1990). Serum zinc concentrations fall due 
to uptake by liver and kidney (Cousins, 1985). Proinflammatory eicosanoids 
are synthesised at an accelerated rate as a result of induction by IL-1 
(Dinarello, 1987). The hypermetabolism and urinary nitrogen loss seen in the 
subsequent ‘shock phase’, may be a reflection of a co-ordinated whole-body 
response (Odling-Smee, 1981).
Endocrine changes in trauma
The endocrine system is primarily concerned with control of different 
metabolic functions of the body viz., rate of chemical reactions in cells, 
transport of substances through membranes or other aspects of cellular 
metabolism like growth and secretion. Some hormonal effects occur in 
seconds, while others take days to start but then continue for weeks and
25
months. Adrenal medullae and pituitary glands secrete their hormones 
entirely in response to appropriate neural stimuli. The pituitary hormones, in 
turn, control secretion by the majority of the other endocrine glands (Odling- 
Smee, 1981).
The hormonal changes that follow trauma vary with the type and 
severity of injury in most cases. Trauma due to burns and accidental injury 
show, more or less, similar changes in endocrine function. Sepsis in certain 
cases also resembles the same pattern of hormonal changes (Rennie, 1985). 
But the investigations in patients following surgery seem to exhibit a 
considerable deviation from other forms of trauma, possibly due to 
premedications before, and anaesthetic agents used during the surgery. The 
medications following the surgery also may have an effect on the hormonal 
secretions and their concentration in plasma (Heath, 1985; Barton, 1985; 
Fleck et al, 1985)
From the point of view of trauma and the inflammatory response the 
endocrine function and the changes therein (Fig.8) could be categorised under 
three main headings :
a) Hormones that affect the inflammatory response directly.
b) Hormones that affect protein synthesis following trauma and 
during inflammation.
c) Hormones that affect the energy metabolism and the 
substrate turnover during thé inflammatory state.
a) Hormones affecting the inflammatory response: Of the hormones
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influencing the process of inflammation directly, cortisol from adrenal medulla 
takes the lead. An increase in plasma cortisol concentration has long been 
known as a consequence o f  trauma o f any kind (Barton, 1985). In severe 
injury, the concentration o f  cortisol stays elevated for weeks (Heath, 1985). It 
is a very potent antiinflammatory agent and prevents inflammation by several 
ways. Cortisol stabilises the lysosomal membranes and prevents their rupture, 
thereby decreasing inflammation caused by proteolytic enzymes. It also 
decreases the permeability o f  capillaries preventing loss o f  plasma into the 
tissues.
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Low  blood levels 
of glucocorticoids
Adrenal cortex secretes  
glucocorticoids High levels of glucocorticoids
High blood levels of glucocorticoids
Hypothalamus secretes 
adrenocorticotropin 
hormone releasing factor
C R F
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adrenocorticotropic hormone 
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1. increases available nutrients for 
energy
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3 . 1 ncreases susceptibility of blood 
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Com bat stress:
Figure 8. Regu lat ion  of the  s ecre t i on  of g lucocort i co ids .
Cortisol also acts as an immunosuppressant and suppresses the T- 
lymphocyte production. In turn, reduced amounts o f  T-cells and antibodies in
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the inflamed area lessen the tissue reaction. Cortisol also decreases the 
migration of leucocytes into the inflamed area and the phagocytosis of the 
damaged cells. Finally, cortisol lowers fever, mainly because it reduces the 
release of IL-1 from the leucocytes hence reducing the degree of vasodilation 
(Guyton, 1991). Cortisol administration has been very helpful in not only 
preventing the inflammatory process but also in enhancing the healing 
process possibly by inactivating or removing the inflammatory products and 
mobilising amino acids for tissue repair (Guyton, 1991).
Cortisol secretion is controlled by yet another hormone, adrenocortico­
tropic hormone (ACTH) from anterior pituitary gland. Almost any type of 
physiological stress enhances greatly the secretion of ACTH within minutes 
and as a consequence increased cortisol secretion results as much as 20 - fold. 
The pain stimuli from trauma or other stresses are transmitted upward 
through the brain stem to perifornical area of the hypothalamus and 
eventually to the median eminance, where CRF is secreted into the 
hypophysial portal system. Within minutes this sequence of events leads to a 
marked increase of glucocorticoids in the blood (Guyton, 1991).
Cortisol exerts a direct inhibitory effect (negative feed back) on the 
hypothalamus and on the anterior pituitary to cause decreased ACTH 
secretion, which in turn regulates the plasma concentrations of cortisol. In 
man, a rapid rise in plasma cortisol levels, paralleling the rise of ACTH, 
occurs after trauma. It remains elevated until the patient is well into the flow 
phase. A direct relationship exists between the rise in plasma cortisol and the
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severity of trauma (Odling-Smee, 1981). In contrast to cortisol, ACTH levels 
have been reported from normal to grossly elevated, regardless of severity of 
injury or the cortisol concentrations (Barton et al, 1984).
Growth hormone promotes protein synthesis, uses up fat stores and 
conserves body carbohydrates. During stress and trauma blood levels of this 
hormone increase remarkably. Its secretion correlates with the degree of 
cellular protein depletion explaining the extremely high growth hormone 
levels in chronic starvation (Guyton, 1991).
b). H orm on es a ffec tin g  p rote in  syn th esis  d urin g  in fla m m a tio n : Growth 
hormone is known to promote all facets of amino acid uptake and synthesis of 
protein by cells. It facilitates transport of most amino acids across cell 
membranes, it enhances RNA translation to promote protein synthesis and it 
increases nuclear transcription of DNA to form RNA; all factors leading to 
increased synthesis of proteins by cells. At the same time it also decreases 
protein breakdown probably by acting as a protein sparer by mobilising large 
quantities of free fatty acids from adipose and their conversion into acetyl- 
COA, metabolised subsequently for energy (Guyton, 1991). The anabolic 
effects of growth hormone require insulin, but in the absence of insulin it 
promotes gluconeogenesis (Fleck et al, 1985).
Cortisol reduces body’s protein stores in all body cells except those of 
the liver. It enhances the transport of amino acids into hepatic tissue, and 
decreases the transport of amino acids into extrahepatic tissues (Odling- 
Smee, 1981; Guyton, 1991). The hepatic synthesis of proteins is accelerated
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IOl-tvjcL ; they go into circulation resulting in elevated plasma proteins in 
contrast to protein depletion in muscle and other tissues. Cortisol increases 
the hepatocyte RNA production and is believed to be essential for certain 
aspects of acute-phase protein response in rats (Thompson et al, 1976).
<51/
Cortisol has been shown to shift overall protein balance to/more negative side 
as a result of both slower protein synthesis and faster protein breakdown in 
traumatised rats (Tischler et al, 1986).
Insulin promotes protein, synthesis and prevents protein degradation,
more or less, the same way as growth hormone. It causes active transport of
.the.
amino acids, increasesyjrate of transcription of selected DNA sequences to 
form more RNA and also inhibits protein catabolism. Insulin depresses the 
rate of gluconeogenesis. The role of insulin in turning the ribosomal 
machinery on to translation of m-RNA is evident from the fact that in absence 
of insulin ribosomes simply stop working (Guyton, 1991). Experimental
studies report an increased variability in insulin response to trauma. In
Su-bjectS?
severely injured^ the levels of insulin were reported to decrease with a 
gradual rise till it exceeds normal levels after a few days (Stoner et al, 1979). 
A more negative protein balance of isolated skeletal muscles from 
traumatised rats was most evidentjwith insulin provided in the incubatio^ 
suggesting a diminished inhibitory effect of insulin on protein degradation 
(Tischler & Fagan, 1983).
Glucagon, adrenaline and noradrenaline exhibit a generally catabolic 
effect as they, presumably, divert amino acids from protein synthesis and
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promote gluconeogenesis (Barton, 1985). Thyroxine levels are elevated after 
trauma and remain elevated for 3-7 days depending on the severity of trauma 
(Odling-Smee, 1981). Increased thyroid hormone levels lead to increased 
plasma albumin levels but its role in trauma is not defined (Barton, 1985)
c). H orm on es a ffec tin g  en ergy  m etab olism : Growth hormone increases 
mobilisation of fatty acids from adipose and facilitates their use for energy. 
Immediately after injury growth hormone levels increase in plasma and then 
fall rapidly even in severely injured (Frayn et al, 1984). In the rat, limb 
ischaemia and other forms of trauma have been reported to cause a marked 
increase in growth hormone levels (Takahashi, 1978). The hyperglycaemic 
effect of growth hormone results in an increase in insulin secretion. However, 
after trauma, cortisol and adrenaline exert an anti-insulin effect hence 
suppressing the glucose utilisation especially in muscle. Adrenaline also 
suppresses insulin secretion by pancreas, so that the circulating insulin levels 
are reduced either in absolute terms or at least in relations to the 
hyperglycaemia (Frayn, 1985).
The glucose utilisation which normally increases during hyperglycaemia, 
actually decreases in post-traumatic hyperglycaemia, implying an impairment 
of glucose clearance. This impaired glucose clearance has been reported in 
studies where the plasma insulin levels were well up to the mark as would be 
expected in hyperglycaemia (Dolecek et al, 1979). The failure of insulin to 
have its expected stimulatory effect on glucose uptake and oxidation by 
insulin-dependent tissues, regardless of mechanism, is termed insulin
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resistance (Heath, 1985).
a.
Animal studies have suggested^role of glucocorticoids in development 
of insulin resistance following trauma when insulin levels were elevated as a 
result of hyperglycaemia (Barton & Passingham, 1980). Various forms of 
insulin resistance are seen from shortly after the injury, through the flow 
phase until recovery (Heath, 1985). Ardawi and co-workers (1990) reported a 
more than 2-fold increase in plasma insulin concentrations in septic rats 
while plasma glucose levels were unaltered indicating insulin resistance. 
Turpentine injury caused a 30% rise in insulin levels of rats as compared to 
their pair-fed animals (Wusteman et al, 1990).
Glucagon, under normal conditions increases breakdown of liver 
glycogen and increases gluconeogenesis in the liver. Major injury triggers 
marked increases in glucagon levels after 12 hours (Meguid et al, 1974). 
Angiotensin-I concentrations were found to increase 2-fold, depending on burn 
size, a week after injury (Barton, 1985). Vasopressin concentrations have also 
been studied in burned patients and shown to rise almost 10 times the control 
values. The levels gradually fall over several days after the injury (Hauben et 
al, 1980). Cortisol stimulates gluconeogenesis, decreases glucose utilisation by 
the cells, mobilises fatty acids for energy metabolism (Barton, 1985).
Carbohydrate metabolism
Energy reserves in the body exist in the form of glycogen and 
triacylglycerol. A labile pool of protein also exists, whose secondary function 
could as well be the provision of energy in the flow phase (Whitney et al, 
1991). Postabsorptive glycogen stores of man represent less than 24 hours 
energy requirement for the whole body, whereas the fat stores may last as
long as 1-3 months in well nourished individuals (Cahill, 1976), and hence 
could prove to be a life saving energy source in longer-term starvation 
following severe injury (Fig.9).
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Liver glycogen is mobilised as an acute response to injury and the 
hyperglycaemia that results subsequently could partly be attributed to this 
mobilisation o f  glycogen (Stoner, 1958). There is experimental evidence o f  
other factors contributing to early hyperglycaemia namely, the lack o f an 
appropriate increase in insulin secretion, the failure o f glucose utilisation to 
respond appropriately to circulating insulin levels (peripheral insulin 
resistance), and the unsuppressed synthesis o f  new glucose (Barton, 1985). 
Studies on glucose tolerance and insulin action after injury report a period o f 
glucose intolerance with high insulin levels suggesting insulin resistance 
(Heath, 1985).
Experimental studies have reported hyperglycaemia to persist for at 
least 24 hours after severe injury (Davies, 1982). At this point the glycogen
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reserves are already exhausted suggesting an impaired glucose tolerance as 
reported by studies in burned patients (Allison et al, 1968). Animal studies 
also support this view, emphasising the fact that while hyperglycaemia would 
normally increase glucose utilisation by the animals, the findings in 
traumatised animals led the investigators to suggest that the metabolic 
clearance of glucose was remarkably impaired (Heath & Corney, 1973; Wolfe 
et al, 1976). The impairment of glucose clearance after injury may partly be 
attributed to suppression of insulin secretion due to high adrenaline 
concentration (Allison et al, 1968).
Septic rats were shown to increase insulin levels, while no changes 
were reported in their plasma glucose levels by Ardawi and coworkers 
(1990). Blood concentrations of pyruvate and lactate showed a 133% and 
118% increase, respectively. In traumatized rats injured soleus muscle, in 
vitro, was shown to metabolise glucose at a higher rate than, uninjured soleus 
muscle. Incubated in presence of insulin, the oxidation of glucose was 22% 
greater and glycolysis was 62% faster in isolated muscles of traumatised rats 
as compared to controls (Tischler & Fagan, 1983). Oxidation of glucose by 
diaphragm and uninjured soleus muscle was reported to have reduced when 
incubated with leucine or insulin. In a similar study cardiac myocytes of 2- 
day traumatized rats resulted in increased glucose oxidation and glycolysis, in 
vitro when incubated with insulin. The effects observed were 61 to 88% 
between normal and traumatized rats (Tischler & Cammisa, 1984).
A low-dose endotoxin infusion was also reported to significantly 
increase plasma glucose, lactate and pyruvate concentrations in rat (Pscheidl
34
et al, 1992). Jepson and coworkers (1986) did not observe any significant 
differences in plasma glucose levels between endotoxin treated rats and their 
untreated controls. Wusteman e to l (1990) also reported no significant 
differences between plasma glucose levels of rats traumatised with turpentine 
injection and their pairfed controls.
Fat metabolism
The hypermetabolic state following trauma seems to result from 
increased oxidation of all the major fuels. In absence of a long term 
carbohydrate store in the body and adequate nutritional support, the fuel used 
primarily is fat. Proteins under severe catabolic states may contribute less 
than 20% of the metabolic rate (Duke et al, 1970). While more than 80% of 
the fuel required to meet the increased metabolic rate is derived from 
metabolic stores (Kinney, 1977), the superiority of glucose over fat as a
the.
protein sparing calorie source in catabolic states is probably related to/ability 
of glucose to excite an insulin response (Woolfson et al, 1977).
In response to injury, mobilisation of fat stores (Fig. 10) for energy is 
stimulated by counterregulatory hormones and perhaps the sympathetic nervous 
system bringing about hydrolysis of triacylglycerol in adipose tissue. As a 
result plasma concentrations of free fatty acids (FFA) and glycerol are 
increased (Stoner, 1976). The release of FFAs is not high enough as would be 
expected in presence of the stimuli for lipolysis after an injury. Since FF A in 
plasma depend on albumin for transportation, their release into general 
circulation may be impaired due to very low blood flow to adipose tissue as a 
result of injury. Glycerol is not sensitive to such effect because of being water 
soluble, hence gets easily into circulation and subsequently the glycerol / FFA
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ratio is elevated after severe injury (Frayn, 1982).
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Figure 10. Fat  me ta bo l i s m  (modif i ed from O d l in g - S m ee ,  1981) .
Depending on the severity o f  the injury, the triacylglycerol levels in 
plasma also rise suggesting an increased contribution o f  triacylglycerol 
fatty acids to energy production (M cNamara et al, 1972). An important 
consequence o f  lipid mobilisation is an increase in production o f  ketone 
bodies (acetoacetate  and p-hydroxybutyrate) by the liver, for which FFA 
are the major precursor. However, ketogenesis is subject to control by 
hormones, glucagon being the stimulator and insulin acting as inhibitor 
(Barton, 1985).
It is generally assumed that the purpose o f  increased concentration 
o f  FFA and ketone bodies is to provide readily utilised body fuel in 
severely injured (Little et al, 1981). Ardawi et <xl (1990) found no 
significant differences between serum levels o f  triacylglycerols, cholesterol 
and nonesterified fatty acids o f  septic rats and their sham- 
operated controls. Circulating concentrations o f  nonesterified fatty acids
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were reduced in rats as a result o f  turpentine induced traum a while p- 
hydroxybutyrate levels increased with pair feeding in rats (W usteman et al, 
1990).
Protein metabolism
The response o f  the body to infection or trauma includes marked 
changes in protein metabolism. There is an overall increase in protein 
turnover rate, attributed partially to acute-phase protein synthesis in liver and 
increased liver protein mass. At the same time there is a marked overall loss 
(Fig. 11) o f  body protein originating from skeletal muscle (Jepson et al, 1986).
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Figure 11. Protein m et ab o l i s m (modif i ed from O d l i ng -S m e e ,  19 81 )
Of the major proteins synthesised by liver, albumin comprises 55-66% 
of the total circulating protein. The main metabolic role o f  albumin is to 
transport nutrients, drugs and maintain fluid balance between tissues and
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vascular network (Rosenoer et al, 1977). In catabolic states, as in severe 
injury, the circulating albumin levels fall, although the site of its catabolism 
is not clearly known, there is evidence that at least 70% of albumin 
breakdown occurs in peripheral tissues (Rosenoer et al, 1977).
y. .Transf^tin is another circulating protein to which more than 95% of the
plasma iron can bind reversibly. As a result of inflammatory response liver and
y
other tissues take up iron and only 5% of the iron binding capacity of transfÿin 
is used (Myers et al, 1984). Retinol-binding protein transports vitamin A and 
pre-albumin binds thyroxine. The two proteins bind to one another preventing 
excretion of retinol-binding protein (Blomback & Hanson, 1979).
The maintenance of normal protein synthesis rates in infection and in 
other catabolic states is not possible since muscle protein synthesis is very 
sensitive to a wide range of insults (Jepson et al, 1986). Amino acids are 
released from the protein mass as a result of imbalance between protein 
synthesis and breakdown. Several hypotheses have been put forth to explain 
the different patterns of muscle protein turnover based on the tissue responses 
to various stimuli (Rennie, 1985).
The concept of facilitative and adaptive responses in protein 
synthesis and breakdown given by Millward postulates that the changes 
in protein mass in skeletal muscle during stress occur with alterations in 
synthesis in an appropriate direction, but the breakdown tends to counteract 
the effect of the change in synthesis. This facilitative change in protein 
synthesis, as identified by Millward, promotes the modulation of muscle
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mass while the adaptive changes in breakdown tend to limit the modulation 
in muscle mass (Millward, 1980).
The response of lean tissue to disease and injury is also dependent on 
two important changes that might occur as a result of insult. These include:
a) Abolition of the normal gradient of amino acids between 
muscle and plasma i.e., loss of the normally concentrative 
function of amino acid transport in muscle.
b) Destructive process involving breach of the cell membrane, 
influx of calcium and phagocytic attack (Rennie, 1985).
Numerous animal and human studies on protein metabolism have 
reported diverse results which could be broadly categorised into two groups, 
a) those in which the rate of synthesis falls below that of breakdown and b) 
those in which breakdown rises above synthesis (Rennie, 1985). Severe 
injury in presence of sepsis was reported to increase whole-body protein 
turnover by breakdown increasing more than synthesis (Long et al, 1977).
Jepson and coworkers (1986) studied protein metabolism in skeletal 
muscle and liver of endotoxaemic fed and fasted rats. In the fed rats a 60- 
100% increase in muscle protein degradation and a 52% fall in the synthesis 
rate was reported independent of food intake. The mechanism of this 
decreased protein synthesis involved decreased translational activity, since 
in both fed and fasted rats there was a decreased rate of synthesis per unit 
of RNA. In fasted endotoxin treated rats the liver protein mass was not 
decreased as it was in the control fasted rats, and the fractional synthesis
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rate was increased by 22%.
A decrease in muscle protein content and an increase in liver protein 
content was observed by Bibby and Grimble (1990) after an intravenous 
administration of human recombinant TNF-a in rats. Inflammatory response 
induced by an intraperitoneal injection of human recombinant TNF-a in rats 
after feeding them different fats in diet for 8 weeks showed marked 
differences in protein synthesis rates. Rats fed corn oil showed an increased 
FSR by 86, 32 and 39% in the liver, lung and kidney. Fish oil prevented the 
increase in liver FSR and decreased lung and kidney protein synthesis. 
Coconut oil feeding resulted in little increase in liver protein synthesis 
while FSR in lung and kidney did not show any alterations. Butter in the 
diet of rats prevented any changes in protein synthesis in liver, kidney as 
well as lungs (Mulrooney & Grimble, 1993).
Turpentine induced trauma in rats resulted in an increased liver 
weight, protein content and protein fractional synthesis rate (FSR). Muscle 
protein reduced to 45-50% of the controls. While pair feeding resulted in 
only 18% reduction in muscle FSR (Wusteman et al, 1990). In a similar 
model of trauma Wusteman et <4- (1994) reported 18% more nitrogen in 
liver, 25% less in the gastrocnemius muscle and a similar amount in the 
upper small intestine.
Skeletal muscle protein and RNA content was significantly reduced 
in infected rats as compared to controls three days after inducing therm al
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injury in a study by Fong et al (1991).
Glutamine metabolism
The concentration of glutamine is remarkably high (20 mM) in 
human muscle, which amounts to more than 15 grams of nitrogen in an 
adult (Jepson et al, 1988). Glutamine seems to be an important substrate for 
a variety of cells such as lymphocytes, macrophages and fibroblasts which 
derive much of their glutamine from plasma ( Ardawi et al, 1990 ). Trauma 
and other catabolic states have been shown to result in large reductions in 
muscle glutamine as much as by 50%. The physiological significance of this 
massive mobilisation (Fig.12) of muscle glutamine has focused on the role 
of glutamine as a labile pool of nitrogen which can be liberated in times of 
stress to provide carbon and nitrogen as substrate for the gut, rapidly 
proliferating lymphocytes and acute-phase protein synthesis by liver 
(Jepson & Millward, 1991).
Much of the immediate loss of nitrogen from the body in the 
first 48 hours after injury can be explained by rapid export of amino 
acids from muscle as a result of loss of the concentrative transport 
mechanisms normally operating in the muscle membrane (Rennie, 
1985). In several catabolic states including starvation, injury, sepsis, 
and burns, glutamine and alanine accounts for more than half of the 
amino acids released by skeletal muscle and hence are the principal 
nitrogen carriers from the periphery to intestine, kidneys and cells of
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the immune system (Ardawi et al, 1990).
glutamine alanine
g lucose
urea
acute  - ph ase  
proteins
lymphocytes
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Figure 12. Th e  biological role of m uscle g lutam ine, (m odified from Jepson & M illw ard, 1 9 9 1 ).
M ost o f  the  energy requ ired  by the  epithelial cells o f  the  small 
in testine  is prov ided  by the ox ida tion  o f  g lucose  and glu tam ine in the  
“fed” s ta te  and o f  g lutam ine and ke to n e-b o d ies  in the  “ s ta rv ed ” s ta te  
(Ashy & Ardawi, 1988). Ardawi and N ew sholm e (1987) showed 
enhanced ra tes  o f  g lutam ine u tilisa tion  and decreased  ra tes  ol g lucose  
util isa tion  by iso la ted  incubated  en terocy tes  o f  therm ally -in ju red  rats. 
In trace llu la r  glutam ine levels d em onstra ted  a susta ined  decrease  in 
therm ally  injured and infected  ra ts  (Fong et al, 1991).
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Evidence suggests that availability of glutamine may be an important 
determinant of muscle protein synthetic activity. A positive association was 
shown to exist between glutamine concentration and skeletal muscle protein 
synthesis. Endotoxin treated rats had glutamine levels reduced to 5.85 and 
4.72 mmol/kg and protein synthesis rate (Ks) to 10.5 and 9.10%/day in two 
well-fed groups. Combined protein deficiency and endotoxaemia further 
reduced glutamine to 1.88 mmol/kg and Ks to 4% /day (Jepson et al, 1988). 
Infusions of either glutamine or the dipeptide alanyl-glutamine were able to 
produce increased muscle glutamine in control and fasted rats. However, in 
endotoxin treated rats a rise in glutamine required excessively high doses of 
glutamine infusions (Jepson & Millward, 1991).
Glucocorticoid administration caused a 23% fall in total free amino 
acid nitrogen in skeletal muscle of dog, with 80% of the decline accounted 
for by a decrease in glutamine. Plasma glutamine concentration decreased by 
26%. Hindquarter amino acid flux demonsWted that the decline in 
intracellular glutamine concentration was associated with a marked increase 
in glutamine efflux from skeletal muscle (Muhlbacher et al, 1984). 
Turpentine induced injury in rats resulted in 50% reduction in skeletal muscle 
glutamine levels as compared to controls while plasma concentrations of 
glutamine remained unaltered in injured rats as well as their pair-fed controls 
(Wusteman et al, 1990).
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Zinc metabolism
Zinc enzymes participate in many aspects of metabolic process. More 
than 20 functionally distinct zinc containing proteins representing a total of 
more than 160 enzymes in different species are known at present (Chandra, 
1980). The zinc metalloenzymes are fouvid among oxidoreductases, 
transferases, hydrolases, lyases, isomerases and ligases. (Galdes & Vallee, 
1983). The zinc requirement, in biological systems is mediated through low- 
molecular-weight proteins of extremely high sulphur content containing zinc, 
called metallothioneins. The zinc content of these metallothioneins is greater 
than in any other metalloproteins and are believed to mediate zinc 
homeostasis (Kagi et al, 1974).
Zinc affects hormone activity, specifically glucagon, insulin, growth 
hormone and sex hormones (Kirchgessner & Roth, 1980). Reduced glucose 
tolerance in zinc-depleted animals may be attributed to this influence of zinc 
on hormones (Flynn et al, 1972). Erythrocyte transport of CO2 in blood from 
tissues to lungs involves zinc (carbonic anhydrase ), while protection of 
erythrocytes and other tissues from superoxide ion damage (superoxide 
disumtase) indicate importance of zinc metalloenzymes in metabolic 
regulation and integrity. Zinc has also been found to inhibit calcium induced 
membrane damage and to affect oxygenation of haemoglobin (Bannister et al, 
1971).
Zinc is known to stabilise the tertiary structure of nucleic acids and
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protein macromolecules (Vallee, 1976). The role of zinc in immune response is 
reflected in its involvement in processes outlined above and, as recent evidence 
suggests, its direct relations to immunity at cellular as well as humoral level.
Experimental studies have shown decrease in immune function and a 
loss of T-cell activity and atrophy of thymus in zinc deficient animals. These 
experiments suggest that T-lymphocyte dependent immune response was the 
primary effect of zinc deficiency while T-B-cell co-operation was also 
affected (Fraker et al, 1978).
Dietary levels of any nutrient involved in protein synthesis may exhibit 
effects as were reported by Tories and coworkers (1978). Their study 
demonstrated reduced tumour growth and prolonged survival in zinc deficient 
rats and mice. Whereas a high-zinc diet showed protection against chemically 
induced oral cancer but the tumour growth was accelerated by dietary zinc 
supplementation once the tumour initiation had accurred. Zinc repletion has 
been found to ameliorate immuno-deficiency in protein calorie malnutrition 
(Golden & Golden, 1979).
In catabolic states very little amount of zinc appears to leave the tissues 
even though the plasma zinc levels are higher, the increase is smaller compared 
with that expected if zinc was liberated as the tissues were catabolised. This led 
Guigliano and Millward to suggest that zinc is conserved in the tissues during 
tissue wasting, or is very avidly taken up by some other tissue after it is 
released into plasma (Giugliano & Millward, 1984).
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Recombinant human TNF-a induced inflammatory response resulted in 
depressed serum zinc concentrations with a reciprocal increase in liver zinc 
levels in rats (Bibby & Grimble, 1991). In a similar model Bibby and Grimble 
reported a significant fall in serum zinc levels in rats after 8 hours of TNF-a 
injection. Moreover, higher dose of TNF-a brought about the largest fall in 
serum zinc levels which were also negatively correlated with liver zinc 
concentrations, 8 hours after the injection (Bibby & Grimble, 1990). Warren 
group (1988) studied effects of recombinant human TNF-a on rats both in 
vivo and in vitro. A fall in plasma zinc concentration occurred which was 
associated with an increase in liver zinc uptake and metallothionein 
synthesis. Dietary fat affected the uptake of zinc by liver in a study by 
Mulrooney and Grimble (1993). Zinc concentrations in liver increased in 
response to TNF-a injection in the rats fed corn oil and coconut oil, but riot 
in those fed fish oil or butter. Renal zinc concentrations fell in response to 
TNF-a induced inflammatory state in animals fed corn oil. Coconut oil fed 
rats showed increased plasma zinc levels after TNF-a treatment.
Oxidative stress
CV
Production of peroxides by enzymatic reaction of a^hidonic acid 
with oxygen is the key step in the biogenesis of physiologically important 
compounds, e.g. prostaglandins, thromboxanes, prostacyclines and 
leukotrienes (Fig. 13). Injury induces hydrolysis of membrane bound fatty 
acids, followed by their transformation to hydroperoxides by lipoxygenases 
in presence of oxygen. These hydroperoxides are unstable and undergo
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further reactions (Spiteller, 1993).
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Figure 13. Biosynthesis of eicosanoids from dietary precursor fatty acids via the 
cyclo-oxygenase and lipoxygenase pathways. LA, linoleic acid; AA, arachidonic acid; 
PL, phospholipids; HPODE, hydroperoxyoctadecadienoic acid; MODE, 
hydroxyoctadecadienoic acid; (di)HETE, (di)hydroxyeicosatetraenoic acid; HHT, 
hydroxyheptadecatrienoic acid; (H)PETE, (hydro)peroxyeicosatetraenoic acid; PG, 
prostaglandin; TX, thromboxane; LT, leukotriene; SRS A, slow reacting substance in 
anaphylaxis; MDA, malondialdehyde. (Gottenbos, 1985).
Once lipid peroxidation is initiated, a single free radical can lead to the 
formation of many other free radicals, which in turn uncontrollably and 
randomly oxidise biological molecules, such as lipid components of 
membranes causing biological damage (Spallholz, 1989). The reactive species 
of oxygen reacts mainly with acids possessing two homoconjugated double 
bonds within a distance of seven CH2 groups from the carboxylic end. This 
minimal structural element is found in archidonic acid, oc-linolenic acid and 
linoleic acid (Spiteller, 1993).
Tissue injury liberates lipoxygenases and phospholipase-Az which
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metabolise arachidonic acid to highly proinflammatory agents viz., 9-HODE 
and 15-HETE (Fig. 13). Malondialdehyde (MDA) is one of the products of 
lipid peroxidation of polyunsaturated fatty acids, and is also known to be a 
mutagen and a possible carcinogen owing to its ability to cross-link protein to 
DNA (Spallholz, 1989). The antioxidant defence system of cells comprises 
dietary antioxidants viz., vitamins A, p-carotene, C and E which prevent free 
radical reactions from being sustained. In vivo, the endogenous synthesis of 
low molecular weight antioxidants and the antioxidant enzymes synthesised 
by cells, collectively trap the free radicals in the membranes by quenching the 
chain reactions (Spallholz, 1989).
Glutathione (GSH), a simple tripeptide, has been shown to play an 
important role in cellular metabolism and protection of cells against free- 
radical induced oxidant injury, and hence the preservation of tissue integrity 
(White et al, 1994). Under conditions of oxidant stress cytoplasmic GSH is 
rapidly depleted oxidising GSH (reduced form) to oxidised (GSSG) form. 
This reaction (Fig. 14) is brought about by the activity of glutathione 
peroxidase which degrades hydrogen peroxides and lipid hyperperoxides both 
capable of oxidant injury (Spallholz, 1989; White et al, 1994).
H A  ♦ 2 GSH -------------------------------------------^  GSSG + 2 ^
ROOH ♦ 2 GSH Gtote,/"'°nePeroX;C,aSe »  GSSG ♦ ROH + H,0
Figure 14. R educed glutathione (GSH) oxidised to GSSG  by glutathione peroxidase.
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The cell u tilises a series of enzymes to m aintain cellular levels 
of glutathione predom inantly (> 90%) in the reduced state (White et al, 
1994). Glutathione levels in cells are also depleted by conjugating with 
xenobiotics to form GSH-complexes through the activity of enzyme 
glutathione transferase and are excreted (Tim brell, 1987). Post 
traum atic influences on antioxidant defences of the body have been 
reported to affect the oxidative stress. Griffeth and colleagues (1987) 
reported a 26-34% decrease in glutathione transferase activity 24 h 
after inducing hind limb ischemia in rats.
Demling and co-workers (1992) reported a severe decrease in 
lung and liver reduced glutathione (GSH) in zymosan induced 
peritionitis in rats. MDA doubled in the lungs in 24 h post - injection, 
while 80% of GSH was found to be converted to GSSG in this aseptic 
model of inflammation.
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D IE T  A N D  T R A U M A
Overview
Nutritional status in^uervcesthe duration of recovery in less severe
jxxtiWs
injuries and rate of survival in severely or fatally injured^ Prior starvation 
in experimental animals shortens survival time after a fatal injury (Barton, 
1985). Major trauma results in remarkable shift in fluid and electrolyte 
balance, rapid tissue catabolism, and a rapid loss of body mass (Whitney 
et al, 1991).
The trauma necessitated by a surgical procedure is the first of the four
major clinical factors affecting nutritional status. Patients undergoing surgery
(intentional trauma) face the second factor i.e., interference with normal
ingestion, digestion and absorption of food. This induces a third factor,
namely, partial or total starvation. All are at risk for the fourth factor, sepsis
(Shills & Randall, 1980). Body responds to such situations with an altered
nutrient metabolism.
eithev
Eventually, jthe stress resolves and the metabolic rate returns gradually 
to normal indicating recovery or stress continues and severely compromises 
body’s reserves leading to death (Whitney et al, 1991).
In other types of trauma and in infections and sepsis, where patients 
have no restrictions on food intake, the activated immune system and the
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subsequent release of cytokines viz., 1L-1 and TNF-a induce 'fever and 
anorexia (Bibby & Grimble, 1991; Mulrooney & Grimble, 1993). Anorexia 
results in marked reduction in food intakes, while fever contributes to higher 
metabolic rates and again a chain of metabolic events is generated which 
resembles the type of stress that occurs in starvation, with some important 
differences (Whitney et al, 1991). These differences include hypermetabolism 
and an accelerated breakdown of body’s reserves (catabolism), as opposed to 
body’s adaptation to uncomplicated starvation by reducing its energy needs. 
The activated immune system and the changes in endocrine function may 
account for these differences (Shills & Randall, 1980).
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Figure 15. S chem atic  representation of the s e q u e n c e  of nutritional r e sp o n se s  during the  
course of a typical febrile infectious illness (Shills & Randall, 1980) .
Acute infections initiate a complex and progressive variety o f
interrelated nutritional and metabolic responses within the host (Fig. 15). 
Although variations may occur in relation to type of infecting organism, 
the responses seem to follow a predictable pattern. Loss of body mass during 
illness or after injury is well established. Studies of trauma and disease 
have shown a great variety of changes in lean body mass and in the 
components of muscle protein turnover. Skeletal muscle must be a major 
contributor to whole-body turnover, simply because of its mass. Acute 
alterations in nutrition appear to reflect the characteristics of the muscle 
response (Rennie, 1985).
Figure 16. Diagramatic representation of the con cept  of protein turnover and the m etabolic  
r esp on se  to trauma, (a) Fasted state; (b) unchanged nutritional intake; (c) increased  
nutritional intake (Clague et al, 1981).
Clague and colleagues (1981), have attempted to rationalise the
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responses in terms of the adequacy of nutrition and the degree of trauma. 
Within a broad framework, synthesis and breakdown (Fig. 16) are depressed 
with mild injury but increase linearly with increasing severity of trauma. The 
increase in breakdown is greater so that, at some point, breakdown starts to 
exceed synthesis. In this scheme synthesis may be nutritionally modulated but 
not the breakdown.
Effect on growth and food intakes
In experimental trauma, food intakes and growth patterns of the 
animals have been studied by various groups after inducing systemic 
injury, or administering endotoxaemic agents or injecting 
immunomodulators of inflammation viz., cytokines. Wusteman et al 
(1990) reported a marked decrease in the food intakes of turpentine 
injected animals. Food intakes reduced to 38% of the ad libitum fed 
controls in first 24 h after the injection and increased to 62.5% of the 
said controls after 48 h with an average of 50% reduction in food intake 
over a 48 h period. Body weights of the animals with turpentine injury 
reduced by 18% when compared to ad lib controls over a period of 48 h 
after a single injection of turpentine. The anorexic effect o f the activated 
immune system (cytokines in particular) seems to be at its highest in the 
first 48 h after the injury.
In a more prolonged systemic injury also induced by a series of 
three turpentine injections at 48 h intervals, an average of 73% of the ad
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lib group intake was consumed by traumatised rats per day over the 
period of six days after the first injection. Body weight gain was only 
9% o f  that gained by controls ( fed ad lib) during the 2 days following 
first injection, 30% during the next 2 days after second injection and 
32% of the ad lib controls during the 2 days following the third injection 
of turpentine (Wusteman et al, 1994).
Jepson and group (1986) reported a 20% decrease in food intakes 
over 24 h of animals treated with E. coli EPS endotoxin. Next 24 h 
showed only 1 1 % reduction in food intakes and then returned to normal. 
The body weights were affected in first 48 h after EPS treatm ent with 
complete cessation of body growth. Growth recovered after that period 
even after a third dose of EPS. Similar results were reported in 
endotoxaemic rats by Jepson et al (1988). However, no differences in 
body weights were reported between septic rats and their sham-operated 
controls (Ardawi et al, 1990).
Mulrooney and Grimble (1993) studied effects of recombinant 
human TNF-a in rats as affected by different dietary fats. Animals grew 
well on all four dietary treatments with fish oil group reaching a lower 
final weight than the other dietary groups. A significant reduction in 
food intake occurred in response to TNF-a in all dietary groups. The 
type of diet had a considerable modifying effect on anorexia induced by 
TNF-a. Food intakes decreased by 62, 45, 41 and 26% in the groups fed 
corn oil, coconut oil, butter oil and fish oil diets. A more or less, similar
effect was earlier reported with corn oil and coconut oil diet fed rats and 
injected with TNF-a (Bibby & Grimble, 1990). Feeding fish oil or 
safflower oil to animals five weeks before and 2  weeks after inducing 
mammary adenocarcinoma in rats, no difference in body weights of 
animals was found by Wan et al (1991).
Dietary fat and trauma
Dietary fats influence the metabolic changes following trauma 
mainly through their effect on eicosanoid synthesis. Some of the 
biological effects of essential fatty acids may, however, be observed 
independent of their conversion to eicosanoids (Zurier et al, 1991). 
Complex interactions and displacements of the essential fatty acids take 
place in plasma and cellular lipids after dietary m anipulations. Early 
steps of cell activation, such as generation of inositol phosphates, are 
induced by dietary fatty acids. The effects of dietary fatty acids on the 
inositol phosphate pathway indicate that diet induced modifications of 
PUFAs at the cellular level affect the activity of the enzymes 
responsible for the generation of lipid mediators in addition to the 
formation of eicosanoids directly derived from the fatty acid precursors. 
This suggests an important role of dietary fats in affecting key processes 
in cellular function (Simopoulos, 1991).
Numerous experimental studies have provided evidence that 
incorporation of alternative fatty acids into tissues may modify
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inflammatory and immune reactions (Schacky et al, 1985). 
Polyunsaturated fatty acids serve as substrates for the formation of 
eicosanoid mediators of the inflammatory response to infection or 
trauma, within the macrophage and endothelial membranes. Arachidonic 
acid (20:4 co6 ), derived from dietary linoleic acid (18:2 œ6 ), is oxidised 
at cellular level generating eicosanoids that enhance inflammation and 
neutrophil (PMN) chemotaxis (Kinsella et al, 1990). The overproduction 
and release of these cell mediators during trauma can promote a 
hypermetabolic inflammatory response with adverse sequelae.
A number of studies were undertaken to investigate the exogenous 
lipid modulation during trauma and sepsis. Dietary fats with different 
fatty acid composition have been studied in these trials to demonstrate 
their effects on response to trauma and sepsis (Palombo et al, 1993; 
Mulrooney & Grimble, 1993; Zurier et al, 1991). There is strong 
evidence that the immune response is sensitive to both the quantity of 
dietary fat and its degree of unsaturation. Dietary gamma-linolenic acid 
(GLA) administration has been shown to suppress inflammation and 
tissue injury in several experimental models, and results in reduced 
PGE2 and LTB4 and increased production of PGEj. GLA suppressed the 
cellular phase (PMN leucocyte accumulation) of acute inflammation 
significantly, but had little effect on the fluid phase (exudate volume 
and protein concentration). In contrast, an eicosapentanenoic acid 
(EPA)-enriched diet suppressed the fluid phase but not the cellular phase
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of inflammation. A combined diet of fish oil and plant seed oil (EPA and 
GLA combination) reduced both the cellular and fluid phase of 
inflammation (Zurier et al, 1991). GLA-fortified oils ingested by normal 
human volunteers regulate PMN generation of proinflammatory LTB 4  by 
inhibiting its production (Ziboh & Fletcher, 1992).
A significant modulation of the phospholipid fatty acids of hepatic 
sinusoidal cells, which have a central role in liver inflammatory 
responsiveness, was reported after 4 days continuous enteral feeding of
cv
olive oil and fish oil fatty acids to endoto^emic rats (Palombo et al, 
1993). Coconut oil diet exerted a blunting effect of on TNF-a induced 
inflammatory response in rats. Hypothermia, serum albumin and copper 
showed lower values compared to maize oil fed rats after 8  hours of 
TNF-a injection. Muscle and liver protein concentrations in coconut oil 
fed rats were unaffected by cytokine injection while the rats fed maize 
oil showed a significant response (Bibby & Grimble, 1990).
There is enough evidence that increased production of eicosanoids 
of the 2-series and 4-series during inflammation influence tissue 
perfusion by enhancing vasoconstriction, chemotaxis, and platelet 
aggregation (Monocada & Van, 1979). Thromboxane A2 (TxAz) is a 
potent vasoconstrictor, and leukotriene-B^ (LTB4 ) causes leucocyte 
accumulation and neutrophil migration during sepsis and shock 
(Samuelsson, 1969). These eicosanoids are derived from the metabolism of 
polyunsaturated fatty acids of n - 6  family. In contrast, eicosapentaenoic
57
acid (EPA) and docosahexaenoic acid (DHA), the major long chain n-3 
PUFAs of dietary fish oil, reduce the levels of eicosanoids derived from 
n - 6  PUFAs by competitive inhibition of the A-6 -desaturase enzyme. This 
reduces the conversion of linoleic acid to arachidonic acid —the 
precursor of 2-series and 4-series eicosanoids.
The production of leukotrienes by n-3 fatty acids may improve tissue 
perfusion during sepsis and inflammation (Pscheidl et al, 1992; Schacky et 
al, 1985)7 Prostanoids of-3-series viz., TxAg is a vasoconstrictor but not a 
platelet aggregator, PGI3 is a vasodilator and LKB5 has less chemotactic
cv
properties than LKB4 (Pscheidl et al, 1992). In a low-dose endoto^femic rat 
model, n-3 PUFAs (from fish oil) were reported to improve intestinal 
perfusion and portal blood flow. An increase in lactate clearance and 
improved glucose tolerance was also observed in the said study after i.v. 
feeding with fish oil (Pscheidl et al, 1992).
Evidence suggests that linoleic acid, an n - 6  PUFA from corn and 
sunflower oil is associated with cancer promotion (Chan et al, 1983). 
Large quantities of prostaglandins have been detected in both human 
breast tumours and animal tumours (Wan et al, 1991). Both PUFA and 2- 
series prostaglandins are known to suppress various aspects o f the 
immune response, including the suppression of cytokines, attenuation of 
T-cell proliferation and function, and inhibition of macrophage and 
natural killer cell-mediated cytotoxicity towards m alignant cells 
(Goodwin & Webb, 1980). Wan and co-workers (1991) reported a
reduction in a mammary adenocarcinoma tumour with an intensive 
inflammation reaction, after 7 weeks of fish oil feeding. The authors 
suggest that modifications of the co-3/co-6 PUFA ratio by diets high in co- 
3 PUFAs may have a beneficial role as adjunctive antineoplastic therapy 
for breast cancer due to the reductions in tumour protein synthesis, and 
modifications in tumour protein degradation.
A number of clinical and experimental studies have shown that 
dietary fats can modify the metabolic responses to inflammatory agents. 
The quantity of linoleic acid in the diet may also influence the intensity 
of inflammatory responses (Mulrooney & Grimble, 1993). An increase in 
dietary linoleic acid increased the anorexic effects of IL -ip  in the rats 
(Hellerstein et al, 1989).
The Influence of butter, and of corn, coconut or fish oil feeding for 8  
weeks was studied by Mulrooney and Grimble (1993) in rats. After the 8  
week treatment rats were injected with recombinant human TNF-a. In 
rats fed corn oil (linoleic acid), food intake was reduced by 62% and 
rates of protein synthesis were increased by 8 6 , 32 and 39% in the liver, 
lung and kidney, respectively. Plasma albumin level decreased by 24%. 
Coconut oil and butter (both saturated and low in linoleate) had different 
modulatory effects. Butter fed rats showed prevention or marked 
inhibition of metabolic responses to TNF-a. Coconut oil fed rats showed 
less increase in liver protein synthesis but that in lung and kidney was
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unaffected. Changes in hepatic zinc were unaffected while changes in 
renal zinc concentrations were prevented. Fish oil prevented the increase 
in hepatic protein synthesis while in lung and kidney protein synthesis 
was decreased. Hepatic and renal zinc concentration changes were 
prevented by fish oil diet.
Epidemiological studies have reported that Greenland Eskimos on 
their traditional diet, which is rich in fish oils, have a low incidence of 
inflammatory disorders (Kramann & Green, 1980). The consumption of 
fish oils containing EPA and DHA, besides decreasing the production of 
inflammatory eicosanoids, also decreases the production of IL - 1  and 
other cytokines (Endres et al, 1989). The metabolic response to IL-1 may 
also be attenuated by dietary n-3 fatty acids provided as fish oil (Cooper 
et al, 1992). Hawthorne et al (1992) reported mild clinical benefit and 
decreased requirement for corticosteroids in a double blind controlled 
trial of fish oil in colitis. Animal studies have generally found that diets 
rich in n-3 fatty acids decrease the inflammation in experimental 
arthritis (Cathcart and Gonnerman, 1991). Fish oil supplements have 
been found to decrease the need for non-steroidal anti-inflammatory 
medication (Sanders, 1993).
Dietary fats and membrane lipid composition
The phospholipid class, fatty acid composition and cholesterol 
content of biomembranes are critical determinants of physical properties of 
membranes and have been shown to influence a wide variety of membrane-
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dependant functions, such as integral enzyme activity, membrane transport, 
and receptor function. The ability to alter membrane lipid composition and 
function in vivo by diet, even when essential fatty acids are adequately 
supplied, demonstrates the importance of diet, in growth and metabolism 
(Simopoulos, 1991).
A growing body of evidence indicates that long-chain PUFA in 
phospholipids may play a major role in the regulation of membrane- 
bound enzymes and receptors, probably by modulating membrane 
fluidity. Membrane lipids, composed largely of polyunsaturated fatty 
acids, are highly susceptible to peroxidation processes. Free radical 
reactions in lipid domains result in damage to membrane proteins, 
thereby leading to alteration and impairment of membrane dynamics and 
function. Feeding rats with oxidised soybean oil for 8  weeks resulted in 
significantly lower erythrocyte membrane fluidity than that of the 
membranes isolated from erythrocytes of rats fed fresh oil ( 1 0 %) for 8  
weeks. This lower fluidity was accompanied by a decrease in the content 
of membrane polyunsaturated fatty acids (Hayam et al, 1993). An 
increased membrane fragility of erythrocytes from rats fed an n-3 fatty 
acid rich diet was attributed to increased 20:5 co3 fatty acid levels in 
membrane phospholipids of male rats fed a 1.5 ml n-3 fatty acid 
concentrate in their diet for 21 days (Hagve & Christophersen, 1991).
Weanling rats fed 10% olive oil, corn oil or medium chain 
triglycerides in diet for 3-5 weeks showed incorporation of long chain
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PUFA of the n - 6  and n-3 family significantly higher in olive oil-fed 
animals as compared to those fed corn oil diet. A decrease in saturated 
fatty acids was also observed in olive oil fed rats. The addition of 
medium chain triglycerides (MCT) to olive oil diet induced an increase 
in palmitic, palmitoleic and À-5, 8 , 11 eicosatrienoic acids and a 
decrease in long chain PUFA of the n - 6  series in the erythrocyte 
membrane phospholipids. Conversely, rats fed a mixture of MCT and 
corn oil, as compared to those fed exclusively corn oil, showed increase 
in long chain PUFA of the n - 6  and n-3 series, with no changes in 
saturated fatty acids (Periago et al, 1990).
Williams and Maunder (1992) reported incorporation of n - 6  fatty 
acids in maize oil fed rats, n-9 in olive oil fed rats and n-3 fatty acids in 
fish oil fed female rat membrane phospholipids after feeding respective 
diets for 16 and 20 weeks. In a similar study weanling rats fed 5% fish 
oil, or added sunflower oil 5% or olive oil 5%, linseed oil 5% or further 
fish oil upto a total of 10% , showed incorporation of EPA to similar 
extent in both 5% and 10% fish oil fed rats. The olive oil and linseed oil 
showed substantial incorporation of EPA into leucocyte membranes 
(more than 70% of levels with fish oil diets only). Sunflower oil- 
supplemented diet achieved the least EPA incorporation (less than 30% 
of the fish oil diets only). A close association was also reported between 
the ratio of EPA and arachidonic acid in cell membranes and the ratios 
of production of leukotriene B$ and LTB4 (Cleland et al, 1991).
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Monkey liver cardiolipins incorporated 4-5% of C l8:3 but no 
C20:5 or C22:6 after a dietary a-linolenic acid intake. Only 0.5% C20:5 
and 0.5% C22:6 was incorporated after dietary fish oil feeding in the 
cardiolipins, which normally do not contain longer chain than C l 8 , of 
the monkey liver phospholipid fraction of the membranes (Holmer et al, 
1991). Enteral feeding of corn oil, olive oil and fish oil in normal and 
endotoxemic rats showed highly significant differences in fatty acid 
incorporations in hepatic sinusoidal cell phosphlipids after 4 days of 
feeding. Olive oil-enriched diet fed rats had a lower linoleic acid 
incorporation compared to corn oil fed rats. Fish oil-enriched diet group 
had signifcantly lower linoleic acid incorporation compared to both corn 
oil (P<0.001) as well as olive oil fed rats (P<0.01). Moreover, both 20:5 
(o3 and 22:6 co3 incorporations were significantly higher in fish oil group 
(P<0.001) when compared to corn oil or olive oil fed rat hepatic 
sinusoidal cell phospholipids. Incorporation of these fatty acids was not 
affected by co-infusion with endotoxin (Palombo et al, 1993).
The evidence from the above experimental studies suggests that 
dietary fats influence the metabolic changes following trauma not only 
by influencing the synthesis of eicosanoids, it may even play a more 
effective role in modulating the inflammatory response by exerting its 
influence on the structure and permeability of membranes.
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REVIEW SUMMARY
To summarize the review, the metabolic responses to inflammation have 
been studied in detail using different models of trauma. Although some models 
have been studied more extensively than the others, the results are as diverse as 
the methods of inducing the inflammation. Changes in protein and amino acid 
metabolism, acute-phase response, cytokine action and their sensitivity and 
endocrine function have been reported during inflammatory response by several 
groups. Oxidative stress during sepsis and trauma has also came into focus very 
recently. Modulation of inflammatory response by varying the type and amount 
of different nutrients is an area being explored lately. Low incidence of 
inflammatory disorders in Greenland Eskimos have been suggested to be a 
result of consumption of high fat fish and fish oils. Similarly, low occurences 
of inflammatory disorders in Mediteranean region have been attributed to the 
presence of abundant olive oil and fish oil in the diets consumed in that region. 
This led. several groups including that of Grimble and co-workers to assume 
that fish oil (n-3 PUFA) and olive oil (n-9 MUFA) ought to be most 
immunosuppressive among dietary fats. Subsequently, the effect of quality and 
quantity of dietary fat on inflammation and endotoxemia came under thorough 
investigation by these groups. The body of research in this field has been 
growing enormously with cytokine induced and endotoxin-induced 
inflammatory response used as the model. As a result, the modulatory effects of 
dietary fat in these models are well established.
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However, these influences of dietary fats in a more sustained or 
extended model of trauma need further exploration. The relevance of the 
present study lies in the fact that the influence of the quality and quantity of 
dietary fat on the response to prolonged systemic injury is an important part of 
the overall data-base from which better guidelines for dietary fat requirements 
in pre and post-surgical diets could be developed. A thorough study of the 
effects of saturated fat (butter oil), monounsaturated fat (olive oil), 
polyunsaturated fat (corn oil) and n-3 polyunsaturated fat (fish oil) could lead 
to determnation of an effective and rapid time course of nutritional 
rehabilitation following an infection, tissue damage due to injury or accelerate 
post surgical recovery time.
H ypothesis
i
Dietary fats influence the composition of membrane lipids. The potential 
for arachidonic acid synthesis in the membranes is determined by the amount of 
its precusor n- 6  fatty acid, linoleic acid, in the dietary fats. A reduction in 
arachidonic acid synthesis would decrease the formation of pro inflammatory 
eicosanoids viz., PGE2 and LTB4  . Hence the metabolic responsiveness to 
hormonal and cytokine stimulation during injury would be modulated by 
synthesis of less inflammatory eicosanoids. The resultant change in structure 
and permeability of membranes brought about by quality of dietary fat, in turn, 
would influence various physiological and metabolic processes that come into 
play as a result of inflammatory response.
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M A T E R IA L S  AND M E T H O D S
T h e  objective of this study was to investigate the effects of corn oil 
(predominantly n - 6  PUFA), butter oil (saturated medium chain fatty acids; 
low in n - 6  precursors), olive oil (monounsaturated predominantly n- 9  oléfc 
acid) and fish oil (rich in n-3 PUFA) on metabolic responses to turpentine 
induced injury in rats.
Pilot Studies
The methods and techniques employed in this study were established 
and standardised by conducting a series of small pilot experiments. This 
involved use of two or three rats at a time for each trial. The techniques 
of inducing clinical trauma took several trials to establish. Rats weighing 
above 2 0 0  gms were housed in separate cages and fed commercial rat 
chow. After several trials, three rats were injected subcutaneously with 
oil of turpentine (2 ml / kg B.W.) three times at 48 h intervals. The first 
injection was given in the right dorso-lumber region and the second on 
the left side of the midline opposite to the first. The last injection was 
given on the midline below the neck. A set of^other 3 rats with similar 
weights served as pairfed controls for the injury group. Body weights of 
both groups were monitored for next 6  days. The pattern of weight loss is 
given in table 1 for both trauma and pairfed animals. Traumatised rats
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showed a gradual decrease in body weights after the first injection of 
turpentine. Compared to their mean 0-day weights, animals lost body 
weights by 2% day-1 post injection, 3% on day 2, and 4% on day 4 ( 48 h 
after 2nd injection ), respectively. The sharpest decrease was observed 
after third injection ( day 5 and 6  ) when animals lost more than 6% and 
11% of their 0-day body weights , respectively. The pairfed animals lost 
only 4% of their body weights from 0-day to day 6 .
Table 1. Mean daily body weights of rats ( g ) fed commercial rat chow during 
induction of trauma by 3 subcutaneous turpentine injections ( 2 ml / kg B.W. ) and 
their pairfed controls.
Groups 0-day
1st.
injection
day-1 day-2
2nd
injection
day-3 day-4
3rd
injection
day-5 day-6
Trauma
n=3
253.13 
± 1.19
248.9 
± 1.65
247.43 
± 3.1
247.03 
± 1.92
244.47 
± 1.75
239.17 
± 2.28
225.33 
± 3.84
Control
n=3
254.37 
± 1.24
258.07 
± 1.85
257.17 
± 2.92
354.93 
± 99.33
252 
± 4.26
252.9 
± 3.51
244.67 
± 3.48
In other trials the methods used in the study for estimation of 
various parameters, were standardized. Blood was collected by cardiac 
puncture and centrifuged and the serum was analyzed for glutamine, zinc, 
total protein and albumin. After the collection of blood the animals were 
sacrificed, organs were removed and weighed. Gastrocnemius muscle was 
taken out and homogenised. Total protein, RNA, glutamine, gluthathione and 
malondialdehyde (MDA) were estimated several times to standardize the 
methods. Some of the results of the final trials in both trauma and control
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animals are given in tables 2 and 3. When compared to controls (table 2) , 
mean serum albumin levels of traumatised rats fell by 35 % , total proteins by 
25 % , glutamine by 30 % and mean serum zinc levels fell to 54 % of the 
control values. Similar results were observed in the gastrocnemius muscle 
(table 3) and liver tissue. The results suggest a successful induction of trauma 
as supported by reports from earlier studies.
Table 2. Serum albumin, total protein, glutamine and zinc levels of rats fed 
commercial rat chow, with and without trauma (Mean ± S.E. ).
Group Albumin
g /d l
Total Protein 
m g /1 00 m g
Glutamine
/jM ole/100m l
Zinc
u/W Om!
Trauma
n=3
2 ± 0.31 6.37 ± 0.29 74.77 ± 4.51 104.03 ± 7.20
Control
n=3
3.07 ± 0.35 8.43 ± 0.44 105.53 ± 4.16 193.43 ± 8.35
Table 3. Glutamine, Total protein, RNA, gluthathione and malondialdehyde ( MDA ) 
content in gastrocnemius muscle of traumatised and control rats fed commercial rat 
chow ( Mean ± S.E. ; n = 3 in each group ).
Group Glutamine 
^uM ole/100m $
Total Protein 
m g/100m g
RNA 
jug/1 OOmg
Glutathione
nM ole/g
MDA
nM ole/g
Trauma 3.37 ± 0.52 19 .7  ± 0.07 150.03 ± 16.77 137 ± 28.97 80.67 ± 6.40
Control 5.63 ± 0.38 21L.7± 0.23 140.2 ± 3.44 213.27 ± 8.68 52.13 ± 0.63
Finally, in order to assess the quantity of experimental diets to be 
prepared every week and their palatability, 3 groups of rats were fed the three 
experimental diets viz., 2 0 % corn oil, olive oil or fish oil diets for 7  days. 
The amount of food consumed was measured everyday. Table 4 shows the 
mean food intake of 3 rats in each group for one week. Rats on olive oil diet
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had higher intakes than either the corn oil or the fish oil diets. Animals on 
fish oil diet ate lesser than the other two groups. For corn oil and the fish oil 
diets ,15  g per rat was considered as average daily intake whileas 20 g per rat 
was considered as an average for the olive oil diet when preparing the 
experimental diets.
Table 4. Mean daily food intakes (g ) of rats fed 20% corn oil, olive oil or fish oil 
diets for a period of 1 week (Mean ± S .E .; n = 3 in each group ).
Groups Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Corn Oil 14.5 ± 
0.68
14.3 ± 
0.73
13.9 ± 
0.77
15.3 ± 
0.67
15.4 ± 
0.52
13.8 ± 
0.34
13.3 ± 
0.26
Olive Oil 15.2 ± 
1.37
15.7 ± 
0.78
15.9 ± 
0.42
15.8 ± 
0.21
16.7 ± 
0.23
17.4 ± 
0.37
17.3 ± 
0.30
Fish Oil 12.4 ± 
0.97
12.1 ± 
0.63
12.2 ± 
0.64
12.9 + 
0.58
13.0 ± 
0.40
12.4 ± 
0.29
12.8 ± 
0.24
After the standardisation of techniques, the animals were put on 
experimental diets in a series of experiments to determine the effects of these 
diets on the growth and metabolism of animals with and without trauma.
Experimental Model
Male wistar albino rats were selected of roughly the same age 
(Weanling) and within the weight range of 65-80 gms. The rats were housed 
in separate cages and maintained under standard conditions of temperature 
(23±1° C), humidity (50-55%) and light 12 h light/12 h dark cycle. The 
animals were acclimatised for three days, fed commercial rat chow ad 
libitum. After the adjustment period the rats were divided into groups and fed
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2 0  % fat diets varied in the quality of fat depending on the design of the 
experiment. The composition of the diet is given in Table 5.
Diets were prepared every week, packed in small packs of 500 gms 
and stored in a refrigerator. Body weights and food intakes of the animals 
were recorded everyday.
Table 5. Composition of the diets ( g / 100 g diet ).
Ingredients Corn Oil Diet Olive Oil Diet Fish Oil Diet Butter Oil 
Diet*
Casein 18 18 18 18
Corn Starch 23.5 23.5 23.5 23.5
S u crose 23.5 23.5 23.5 23.5
Cellulose 10 10 10 10
Corn Oil 20 — — —
Olive Oil — 20 16 —
Fish Oil — — 4 —
Butter Oil — — 20
Standard Mineral 
and Vitamin Mix
5 5 5 5
For experim ent 2 only
Experimental Design
The experimental design is given in table 6 . Each dietary group 
consisted of 6  animals fed ad libitum for a period of 6  weeks. 
Experiment 1 aimed at studying the metabolic responses of rats to prolonged 
systemic injury as affected by corn oil, olive oil or fish oil. In the next 
experiment a butter oil group was introduced in order to diversify the 
qualitative profile of dietary fats studied. The rationale for this was to compare
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the effects of medium chain fatty acids and low n - 6  precursors in butter oil 
with the effects of other dietary fats. After feeding the test diets for 6  
weeks, each treatment group was subdivided into a trauma group and pairfed 
control group (Table 6 ). The trauma was induced with the turpentine and 24 
hr food intake was measured during 6  days. Pairfeeding involved giving this 
daily measured intake to the control group during the following 24 hours.
Table 6. Experimental design
Experiment
No
Dietary Treatment 
(%> D ie ta ry  F at)
Total N o. 
O f Rats
Duration
(w eeks)
Sub Groups
G rou p n
1&2 Corn o il (20% ) 12 6
Trauma (TC ) 6
Pairfeds (CP) 6
1&2 O live O il (20% ) 12 6
Trauma (TO ) 6
Pairfeds (OP) 6
1&2 Fish o il (16%  O live  
oil+4%  Fish o il)
12 6
Trauma (TF) 6
Pairfeds (FP) 6
2 Butter o il (20% ) 12 6
Trauma (T B ) 6
Pairfeds (BP) 6
Systemic Injury
The method employed was a simple reproducible model of systemic 
injury which can be induced quickly in a series of three subcutaneous 
injections of turpentine ( 2  ml / kg body weight) into separate sites in the
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dorso-lumber region, two lateral and one ( the last ) situated in midline 
(Wusteman et al, 1994) at 48-hour intervals. This model causes a sterile 
abscess, stops growth and induces an acute-phase inflammatory response over 
a 6 - 8  days period (Moshage, et el, 1987; Myers and Fleck, 1988).
The turpentine injected (traumatised) groups and their respective 
pairfeds were fasted overnight, anaesthetised with diethyl ether (48 hours 
after the last injection of turpentine), and blood samples collected through 
cardiac puncture. Blood samples were centrifuged, serum separated and stored 
at -75° C in separate vials for each parameter. From the sacrificed animals 
livers were excised immediately, weighed and stored at -75° C till analysed. 
Gastrocnemius muscle was removed, weighed and stored in portions at -75° C 
prior to analysis of the required parameters. Epididymal fat pad was removed 
and weighed.
Measurements
•  Body weights and food intakes:
• Body weight changes through the treatment period
• Body weight losses after inducing trauma
• Food intakes throughout the duration of experiment
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Serum:
• Total protein
• Albumin
• Glutamine
• Zinc
• Insulin
• Glucose
Liver:
• Weight
• Total protein
• RNA
• Zinc
• RNA/Total Protein Ratio
• Glutathione
• Malondialdehyde
• Membrane fatty acid profile
Gastrocnemius muscle:
• Weight
• Total protein
• Glutamine
• RNA
• RN A/Total Protein Ratio
• Glutathione
• Malondialdehyde
Epididymal fa t pad (Adipose):
• Weight / size
Measurement of rates of synthesis of macromolecules viz., proteins 
was not possible because of unavailability of radio isotope laboratories. An 
indirect approach was persued to overcome this problem by measuring RNA 
and total protein in liver and muscle. The ratio of RNA to total protein was 
calculated and used as an index of intensity of protein synthesis in these 
tissues.
Another problem faced during the course of investigation was the 
estimation of acute-phase proteins. Measurement of C-Reactive Protein 
(CRP) was tried by all available qualitative as well as quantitative 
(manual and automated ) methods. The results were least encouraging 
presumably because this acute-phase protein is not either detectable in rats 
or a specific method for its detection in rats is yet to be developed. 
However, a  -2 macroglobulin, another acute-phase protein has been 
successfully measured in rats by several groups of investigators (Wusteman 
et al, 1994).
Laboratory procedures and analysis
Standard methods were employed for all the measurements in serum 
and tissues. Glucose in serum was estimated by calorimetric method using 
the diagnostic kit (Boehringer Mannheim GmbH Diagnostica, Germany) and 
read on LKB ultrospec (Germany) at 436 nm wavelength. Serum insulin was 
measured by ELISA method using plastic tubes coated with monoclonal 
anti-insulin antibodies from Enzymun test kit supplied by Boehringer
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Mannheim (Germany). Anti-insulin-POD conjugate, buffers and chromogen 
were also part of the said kit. After the colour development the samples 
were read on LKB ultrospec at a wavelength of 405 nm. Albumin in serum 
was measured by colorimetric method using a test kit (Boehringer 
Mannheim GmbH Diagnostica, Germany), and read at 623 nm. 
Factor/concentration modes were used to measure the concentrations 
directly.
Total protein in serum was estimated by Biuret reaction. The 
absorbance was read at 546 nm and the concentration of total proteins was 
determined directly by using factor/concentration mode. Total proteins in 
liver and gastrocnemius muscle homogenates (25% , w/v) were measured by 
folin-phenol reagent after rediluting (1:9 , v/v) the homogenates with 
double distilled water following the method of Lowry et al (1951).
Serum and muscle glutamine was estimated by a glutamine/glutamate 
determination kit supplied by Sigma cell culture reagents (Sigma, USA). 
Glutamine was deaminated by glutaminase (enzyme grade V from E. coli, 
Sigma) followed by dehydrogenation of glutamate by NAD+ in presence of 
L-glutamic dehydrogenase. The final mixture was read on a 
spectrophotometer at 340 nm. Standard curve was used to determine the 
concentration of glutamine in the samples.
Nucleic acids in liver and muscle were measured following the 
method of Bregman (1983). Frozen tissues were homogenated with 4
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volumes of ice cold distilled water. Acid soluble and lipoid compounds 
were removed from the homogenised samples by ice cold TCA and 95% 
ethanol, respectively, by repeated treatments. Homogenates were 
deproteinized with 10 % TCA followed by a series of centrifugations and 
decanting and resuspending in 95 % ethanol until the nucleic acid extracts 
(NAE) were obtained. NAE was heated with 5 % TCA and orcinol reagent 
for 2 0  minutes, cooled in ice bath and absorbance of the samples read on 
spectrophotometer at 660 nm against blanks for RNA content.
Glutathione (GSH) concentrations were determined by measuring 
non-protein sulfhydryl groups (NP-SH) following the method of Sadlak and 
Lindsay (1968) in livers and gastrocnemius muscle. The tissues were 
homogenated in 10 volumes of 0.02M EDTA. The homogenates were mixed 
with 4 ml distil water and 1 ml of 50 % TCA and centrifuged for 15 minutes 
at 3000 g. The supernatants were mixed with 0.4 M tris buffer, pH 8 . DTNB 
was added to samples and after the color development the absorbance was 
read within 5 minutes at a wavelength of 412 nm against reagent blank.
Lipid peroxidation in liver and gastrocnemius muscle was estimated 
by measuring malondialdehyde (MDA) employing the thiobarbituric acid 
(TEA) method of Fong et al (1973) Tissues were homogenated in 10 
volumes of normal saline and tris-KCl buffer was added. The samples were 
incubated at 37° C for 30 minutes. TEA was added to the samples and 
heated in a boiling water bath for 10 minutes. Pyridine/n-butanol (3/1,v/v)
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and IN NaOH were added to the tubes and mixed. The absorbance was read 
at 548 nm against reagent blank.
Tissue and serum zinc concentrations were determined by atomic 
absorption spectroscopy as described by Giugliano and Millward (1984). 
Tissue samples were weighed into a 45 ml vitrified-procelain crucible, 
dried at 100° C for 36 hours. Twenty mg of dried powdered tissue were 
dissolved overnight at room temperature in 1 ml concentrated HC1 in a 5 ml 
plastic container (Sterilin), and thoroughly mixed and diluted to 5 ml with 
deionized, distilled water . Serum samples were diluted with 20 volumes of 
deionized distilled water. The zinc analysis of these samples was performed 
on a Pye-Unicam SP2900 Atomic Absorption Spectrometer (Pye-Unicam 
Ltd. Cambridge). Absorbance was measured at 213-9 nm with standard 
solutions prepared from zinc nitrate.
Membrane fatty acid extraction and estimation
Another series of experiments was conducted by a fellow 
investigator (Al-Duwaihy, M), working on the effect of 20% corn oil, olive 
oil, butter oil or fish oil diets on glucose tolerance and insulin sensitivity in 
rats. At the end of the dietary treatment, these animals were cannulated and 
glucose tolerance tests were conducted after an intravenous glucose load. At 
the end of glucose tolerance tests the animals were sacrificed and livers 
were excised, membranes isolated and membrane lipid profile was 
estimated on GC.
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Isolation of membranes was carried out following the method of 
Kates, (1975). Pooled liver samples were homogenised in a buffer 
containing 150 mM NaCl, ImM CaCli and 10 mM tris HC1 at pH 7.5. After 
homogenisation by sonication, the homogenate was centrifuged for 5 
minutes at 2,000 rpm and the pellet was discarded. The supernatant was 
centrifuged again at 8,000 rpm for 15 min and the pellet discarded. The 
supernatant was again centrifuged at 38,000 rpm for 1 h in the ultra­
centrifuge. The pellet obtained was resuspended in 6  ml of buffer and 
flushed 1 0  times through a 2 2  gauge needle and ultracentrifugation was 
repeated for an additional 1 h at 38,000 rpm. The pellet was removed for 
extraction of membrane lipids.
Lipids in membranes were extracted by the method of Folch et al 
(1956). The pellets obtained above were suspended in 2 ml of 
chloroform/methanol (2:1) solvent and homogenised on a sonicator. The 
homogenate was centrifuged at 2500 rpm and the clear supernatant was 
collected in a tube. The process of washing the homogenate was repeated 
three times and the pooled supernatant from all the washes was mixed with 
1/4 volume of normal saline and vortexed for 1 minute. The lower organic 
layer was taken out and evaporated to dryness by blowing nitrogen gas 
through it. To this extract , 10 ml of benzene: methanol: sulphuric acid 
(10:84:4) was added and capped in Pyrex glass tubes, placed in water bath 
and heated for 90 minutes at 80-90° C. The tubes were cooled and distilled 
water was added to the tubes followed by washing with hexane. The process
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was repeated three times and the hexane layer was used for injection into 
GC for fatty acid analysis.
Fatty acid estimation of membrane lipids was carried out on a gas 
chromatograph ( Hewlett Packard , 5840A). Column dimensions were 6  ft x 
2 mm, 5% diethylene glycol succinate was used as stationary phase. 
Nitrogen was the carrier gas at a flow rate of 20 ml/ min at 120 - 185° C 
with a programmed rate of increase of 2° /min. The detector used was flame 
ionisation detector (FID) at a temperature of 250° C. The fatty acid 
standards were obtained from Sigma (USA).
Statistical Analysis
The data obtained was processed statistically using one way and two 
way analysis of variance with post-hoc testing performed by Duncan’s Test. 
Student’s t-test was also employed in trial data . P values less than 0.05 were 
considered as significant.
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)R E S U L T S  AND D I S C U S S I O N
Growth o f animals and Food intakes
Animals grew well on all the four diets tested in the two experiments 
(fig. 17). Feeding the animals with 20 % corn oil, olive oil or butter oil and a 
fish oil ( 16 % olive oil + 4 % fish oil ) diet resulted in almost similar growth 
patterns. In experiment 1, the fish oil group reached the lowest mean final 
body weight of 206.25 ± 7.8 g from the 0-day weight of 74.43 ± 1.68 g 
whereas olive oil diet fed rats gained the highest final body weight of 237. 25 
± 3.96 g from 76.97 ± 1.99 g at 0-day. Corn oil diet fed rats reached a final 
body weight of 225.25 ± 10.25 g from 80.32 ± 2.48 g at the begining of the 
experiment. Corn oil fed animals in experiment 2 reached a final body weight 
of 236.85 ± 6.45 g from 81.93 ± 3.62 g at 0-day, olive oil group 278.12 ±
6.34 g from 78.02 ± 2.20 g , butter oil group 255.90 ± 8.13 g from 81.25 ±
2.34 g and fish oil fed rats reached to 235.33 ± 10.85 g from 82.08 ± 2.34 g at 
the begining, respectively.
From week 2 the growth curves (Fig. 17) of different groups started to 
take an individual trend which continued till the end of the sixth week in both 
experiments. Olive oil fed rats grew more than any other group followed by 
butter oil fed animals. Body weights of corn oil fed rats were slightly higher 
than those of fish oil fed rats during the course of dietary treatment, the latter 
ranking fourth in terms of weight gain. The differences reached significant
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(P< 0.01) levels only in week 6 between olive and fish oil fed animals; a
i
remarkable effect considering the fact that the difference between the two 
diets was only 4 % fish oil supplementing 16 % olive oil in the fish oil diet.
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Fig 17. (a) Experim ent 1, (b) Experim ent 2. M ean body w eigh ts of rats fed d iets containing
20% corn oil, olive oil, butter oil or fish oil for 6 w eek s. Data are M ean ± S .E . n = 6.
*  P<  0 .01  c o m p a re d  to fish oil group.
The pattern o f  growth of the rats in all groups o f treatment 
corresponds to and is reflected by the food intake curves (Fig. 18) o f  the 
respective groups. Olive oil diet was relished by the animals followed by 
butter oil diet. Fish oil diet consumption stayed the least during the entire 
course o f  the experiments. Mean weekly food intakes o f  animals in corn oil 
group increased to 13.90 ± 0.57 g in week 6  from 11.02 ± 0.75 g in week 1, 
olive oil to 15.20 ± 0.79 g from 11.65 ± 1.14 g and fish oil group increased to 
12.05 ± 0.54 g in week 6  from 10.30 ± 0.61 g in week 1, respectively in the 
first experiment. Results observed in experiment 2 showed a similar trend. 
Mean weekly food intakes in corn oil group increased from 13.92 ± 0 .6 3  g in
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week 1 to 16.0 ± 0.55 g in week 6 , olive oil group from 14.28 ± 0.98 g to 
20.75 ± 1.09 g, butter oil from 14.43 + 0.91 g to 18.32 ± 0.52 g and in fish oil 
group increased from 12.42 ± 0.86 g in week 1 to 15.76 ± 1.03 g in week 6 , 
respectively.
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Fig 18. (a) Experim ent 1, (b) Experim ent 2, M ean w eek ly  food intakes o f  rats fed  d iets 
containing corn oil, olive oil, butter oil or fish oil. Data are M ean ± S .E  o f 6 rats in ea ch  
group.
*P < 0 .0 1  co m p a re d  to  fish oil group .
At the end of weeks 5 and 6  olive oil diet consumption by the rats 
increased significantly (P< 0.01) as compared to fish oil diet in both 
experiments. Corn oil diet consumption was also significantly higher (P<0.05) 
compared to fish oil diet in the last two weeks o f  the experiment 1 . 
Palatability o f  the diets was a major concern during the formulation o f  the 
experimental diets. Other major factor which led to formulation o f  fish oil 
diet with a proportion of only 4 % fish oil complemented by 16 % olive oil, 
to obtain the 2 0  % dietary fat level in this particular diet, was the level o f  fish 
oil attainable in human diets. Fish oil diets have usually been given to rats in
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combination with other fats (Pan & Storlien 1993) in order to increase 
palatability. Of the four dietary fats tested , fish oil diet seemed to be least 
palatable.
Reports of body weight changes in rats fed dietary fat varied in quality 
usually indicate no marked differences in body weight and growth patterns of 
animals during normal course of feeding (Besler & Grimble, 1995 ; Kuratko 
et al, 1994; Parrish et al, 1991). However, if  any differences are observed 
these relate to either caloric density or to the palatability of the diet. In the 
present study an asssumed effect of palatability was observed with the fish 
oil diet because the intake was lower as compared to olive oil, butter oil or 
corn oil diets. Hence, the reduced intake was reflected in lower final body 
weights of the animals. In addition to lower intakes, the body weight gains 
may be influenced by dietary fat acting at a cellular level (Pan et al, 1994).
Fish oil diet consumption was relatively low and rats consuming this 
diet have been reported to reach lower final body weights compared to other 
dietary fats ( Mulrooney & Grimble, 1993 ). Alteration of the fatty acid 
profile of dietary fat has been shown to affect several metabolic processes, 
including rate of weight gain. Genetically obese ob/ob mice fed co-3 fat, 
without a change in the macronutrient content had decreased weight gain 
despite higher intakes (Cunnane et al, 1986). Dietary lipid profile has been 
found to be a determinant of tissue phospholipid fatty acid composition and 
rate of weight gain in adult rats. Despite isocaloric feeding, weight gain was
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reported to be the least in animals fed a more highly saturated diet in 
combination with 18:3 (0 - 3  as compared to either a high a>-9 diet or a high ©- 
6  diet, supplemented with identical amounts of 18:3 co-3 fat. An inverse 
relationship was found between weight gain and tissue levels of co-3 fatty 
acids (Pan & Storlien 1993).
The same mechanism seems to be operating in the present study. Fish 
oil diet was given in combination with olive oil (1:4). Addition of 1 part of 
fish oil to 4 parts of olive oil resulted in lowest body weights in the fish oil 
fed rats whilst the olive oil fed group attained highest body weights. From the 
metabolic point of view olive oil, butter oil and corn oil favor adiposity by 
increasing lipogenesis. The lowering effects of fish oil consumption on 
adiposity is well established (Pan et al, 1994; Parrish et al, 1991). Changes in 
membrane fatty acids associated with an increased dietary n-3 long chain fatty 
acid intake in particular, and long chain PUFA in general, result in decreased 
triglyceride formation. Moreover, an indirect influence on adiposity is also 
exerted by increasing the metabolic rates (Parrish et al, 1991; Pan et al, 1994).
The body’s ability to synthesize saturated and monounsaturated fat 
and its inability to synthesize either n - 6  or n-3 fat leads to incorporation of 
the saturated and monounsaturated fatty acids into adipose in absence of 
exogenous fatty acids of n - 6  or n-3 family (Pan et al, 1994). An inverse 
relationship was found between the proportion of body fat and the percentage 
of long chain PUFA in Pima Indians (Storlien et al, 1993). The process is
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possibly controlled by membrane - associated events where competition exists 
between fatty acid classes for the biosynthetic enzymes of elongation and 
desaturation. Increased À-9 desaturase and decreased À-5 desaturase enzyme 
activity favor higher deposition of fat (Pan et al, 1994).
Metabolic responses to traum a
After the induction of trauma by a series of 3 turpentine injections 
given subcutaneously at 48 h intervals, loss in body weights of animals in all 
groups was observed in the present study (Fig. 19). The response in terms of 
weight loss was greatest 24 h after the first injection of turpentine. In 
experiment 1 , the mean body weight of olive oil fed rats declined by 
approximately 12 % of their 0-day weights over a 5 day period, half of which 
occurred 24 h after the first injection. Fish oil fed rats lost more than 6  % and 
the corn oil fed animals lost more than 5 % of their 0- day body weights. 
Pairfed controls of each group did not show any sharp declines in body 
weights relative to their 0-day weights. In experiment 2 similar trends in 
weight loss were observed. The pattern of body weight loss observed in 
present study are in line with earlier findings in turpentine induced trauma 
(Wusteman et al, 1990 and 1994; Jennings et al, 1992), and in endotoxemia 
(Jepson et al, 1988).
There is ample evidence that tissue injury, infection and 
immunological reactions result in production of cytokines which in turn 
affect a host of metabolic responses (Male et al, 1989; Dinarello, 1984;
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Grimble, 1990). Among other responses IL-1 and TNF-oc are potent inducers 
of anorexia (Whitney et al, 1991, Bibby & Grimble , 1991). A single injection 
of turpentine caused an 18% decrease in body weights o f  animals over a 48 
hours period (Wusteman et al, 1990). However, in a sustained model of 
injury, 3  serial injections o f  turpentine caused a gradual decrease in body 
weights over a 6 -day period compared to controls (Wusteman et al, 1994).
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Fig. 19. (a) Experiment 1, (b) Experiment 2. Mean daily body weights of rats after induction of 
trauma by 3 subcutaneous injections of turpentine at 48 h intervals and their respective pairfed 
groups. Data are Mean ± S.E of six rats in each group.
1 2 .3 ,4 , P <  o  0 5  com pared to corn oil, olive oil, butter oil or fish oil groups, respectively.
The metabolic responses o f  the rat to endotoxemia and other clinical 
inflammations studied have mostly been carried out after feeding a standard 
(chow) diet. The chow diets usually have 7% fat originating from a variety 
of sources viz., slaughter house residue, fish meal and grain germ especially 
that o f  maize. The inclusion o f a chow diet in the present study for fixation of 
normality o f  diets for comparison seemed to be irrelevant in light o f  its varied 
fat quality.
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In the present study dietary fats exerted significant influence on body 
weight loss o f  animals in different groups. On a net body weight loss basis, 
butter oil group rats lost approximately 30 g, olive oil 30 g, fish oil 29 g and 
corn oil fed rats about 1 2  g from their respective 0 -day body weights.
The effect of dietary fat on body weight loss after injury seen in the 
present study seems to be influenced by the model of trauma employed. Besler 
and Grimble (1995) reported  highest decrease in corn oil group body
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Fig. 20. Percent daily change in body weights of rats, after induction of Trauma, 
and their pairfed groups. Data are calculated from means of each group of 6 rats
weights than either the butter oil or olive oil fed animals in endotoxemia. A
Os
similar difference was observed in; TN F-a induced inflammatory response in 
terms o f body weight losses o f  animals fed corn oil, coconut oil, butter or fish
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oil diets (Mulrooney and Grimble, 1993). In contrast, as reflected by the 
percent daily change in body weights after trauma (Fig. 20), corn oil fed 
animals showed the least fluctuations and the smallest loss o f  post- trauma 
body weights over the 5 days in the present study. The olive oil group 
showed a steady decline while the butter oil fed animals showed the sharpest 
drop in mean body weights. Fish oil fed rats also showed a steady decline in 
mean body weights more identical to olive oil group suggesting that 16 % 
olive oil in fish oil diet exerted its influence and could not be masked by 
presence o f 4 % fish oil in this diet.
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Fig. 21. Mean daily food intakes of rats after induction of trauma and their pairfeds. Data 
are mean ± S.E.
12.3,4. p<o,05 compared to corn oil, olive oil, butter oil or fish oil groups, respectively.
The mean daily post trauma food intakes o f  rats in the olive oil , butter 
oil and fish oil groups showed a sharp decrease 24 h after the first injection of
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of turpentine (Fig. 21). Food intakes of corn oil fed rats also dropped but not 
as sharply. Mean food intakes decreased by 6 6  % in butter oil group, 62 % in 
fish oil group, 50 % in olive oil group, and 19 % in corn oil group 24 h after 
the first injection of turpentine compared to their 0-day intakes. Food intakes 
fell further by 75% in butter oil group, 73% in fish oil group, 55 % in olive 
oil group and 31 % in corn oil group compared to their respective 0-day food 
intakes, 24 h after the second injection. Third and the last injection caused 
the mean food intakes to fall further to 56 % of 0-day intakes in corn oil, 37 
% in butter oil, 35 % in fish oil and to 33 % in olive oil group.
Food consumption in all groups rose 48 h after each injection and 
dropped within 24 h after the next injection. The anorexic effect induced by 
cytokines seems to be highest in the first 48 hours after the injury .A post 
trauma anorexic effect was quite visible in olive oil and butter oil groups 
while that of fish oil was less marked. Fish oil has been shown to suppress 
cytokine production and their effects especially that of IL-1 which induces 
anorexia (Tappia & Grimble 1994 ; Dinarello & Mier, 1987). The corn 
oil diet was apparently less anorexic after the induction of trauma.
The. Effect of dietary fat on appetite was very obvious between 24 h after the 
first injection till a day after the second injection. Corn oil fed rats had 
significantly higher (P< 0.05) intakes during this period than the butter 
oil or the fish oil groups. Olive oil group consumed significantly higher 
( P< 0.05 ) food than the fish oil group 24 h after the second injection.
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After the third injection, all the groups appeared to be converging 
to similar levels o f  food intake.Asimilar pattern  is evident (Fig. 22) when 
the post trauma food intakes o f  rats are expressed as g / 100g body 
weight. Food intakes o f  the corn oil group were higher than any other 
group till 3 days post trauma. Although the olive oil group rats consumed
lesser food than the corn oil group yet the intake was higher than either
fKe
the fish oil or the bu tter oil g roups/bu tte r  oil group consumed lesser food 
than any other group till 3 days post trauma, increased on the 4th day and 
declined again to the level o f  the other groups on day 5, at which point no 
significant difference could be observed among food intakes o f  any group.
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Fig. 22. Fo od  In ta k e s  o f ra ts  a fte r  tra u m a  an d  th e ir  pa irfed  g ro u p s  c a lc u la te d  as  
g /1 0 0 g  body w e ig h t from  m e a n s  o f e a c h  grou p  o f 6  rats.
The reports of decreased food intakes as a result o f  the anorexia that 
follows an inflammatory response induced by endotoxin or TN F-a  treatment
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TKe
do not agree with the findings of the present study. ^  corn oil diet was least 
anorexic whilst butter oil fed rats had largest decrease in food intakes 24 
hours post trauma. Besler and Grimble (1995) reported the highest anorexic 
effect in corn oil diet while butter and olive oil fed rats had lesser appetite 
reduction after endotoxin injection. TNF-a injection also resulted in reduced 
appetite pattern more like endotoxin treatment (Mulrooney & Grimble, 1993) 
than the one employed in our study.
Orsan Weishts
Mean organ weights of rats, expressed as g / 100 g body weight (Table- 
7), were affected more by trauma than by the quality of fat in the diet especially 
in heart, kidney, epididymal fat pads and gastrocnemius muscle. In all trauma 
groups mean weights of heart, liver, kidney and spleen weights increased 
compared to their respective pairfed controls. These changes were significant 
in the olive oil and butter oil fed rats ( PO.05 ) for heart and kidney weights 
compared to their pairfed controls. As four as the effect of fat quality olive oil 
fed traumatised rats had significantly higher ( PO .05 ) kidney weights 
compared to fish oil trauma group.
Mean weights of gastrocnemius muscle and epididymal fat pads
decreased as a result of trauma. These changes were significant for
ike. the
epididymal fat pad weights injcorn oil trauma group (P<0.001) and in^olive
oil fed trauma group (P<0.05) compared to their respective pairfed control
animals.
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Table 
7. 
Mean 
organ 
weights 
(g/100 
g 
body 
weight) 
of 
rats 
traum
atized 
with 
3 
subcutaneous 
injections 
of 
turpentine 
given 
at 
48 
h 
intervals 
and 
their 
pairfed 
controls 
as 
affected 
by 
6 
weeks 
of dietary 
treatm
ent with 
corn 
oil, olive 
oil, butter oil or fish 
oil diets. Data 
are 
Mean 
± 
S.E. of 6 
rats 
in 
each 
group.
The mobilsation of stored fat to meet energy needs after the injury, is 
markedly evident in these two groups even after pairfeeding the controls.
While no significant influence of dietary fat on the fat pad size was 
observed among the trauma groups there were dietary influences on trauma 
responses as judged in relation to pairfed values. However, in terms of mean 
changes the lowest response was observed in the butter oil fed rats which had 
higher epididymal fat pad size after trauma than any of the groups. Notably for 
the corn oil and olive oil groups there was a significant loss of fat pad mass in 
response to trauma. The fat pad size in fish oil fed rats was lowest among all 
groups. Earlier studies have also reported significantly lower fat pad size in 
fish oil fed rats compared to saturated animal fat consuming rats (Parrish et al, 
1991).
A catabolic response to trauma was also observed in skeletal muscle. In 
general, mean muscle weights were lower than pairfed controls with the 
exception of the corn oil group. However, no significant differences were 
observed between gastrocnemius muscle masses from trauma compared with 
respective pairfed groups except for the fish oil diet fed animals. In this case 
there was a 16% fall in muscle weight. Traumatised butter oil fed rats had 
significantly higher (P<0.05) gastrocnemius muscle mass compared to olive oil 
diet fed trauma group animals.
O-VX
Differences in liver and spleen weights among the groups suggest/effect
of dietary fats on these organs. Traumatised rats in all dietary treatments had 
significantly higher spleen ( P<0.05 ) and liver ( P<0.005 ) weights compared 
to their pairfed controls. Fish oil or olive oil fed rats had significantly higher 
( P<0.05 ) liver weights than the corn oil group animals.
Previous studies have shown that turpentine induced injury causes
significant increases in liver weights and decreases in gastrocnemius muscle
weights in rats compared to pair fed controls (Wusteman et al 1994). TNF-a
induced inflammation also caused increases in liver, lung and kidney weights
in rats fed corn oil, coconut oil, butter or fish oil diets (Mulrooney and
Grimble 1993). In the present study, fish oil diet fed traumatised rats had the
highest liver weights among the treatments and were only next to olive oil
ThC
group in spleen weights.^butter oil trauma group had significantly lower
(P<0.05 ) spleen weights compared to either corn oil, olive oil or fish oil fed 
The
trauma groups, ^blive oil diet fed trauma group had significantly higher 
(P<0.05 ) spleen weights compared to corn oil trauma group rats.
Protein Metabolism
Serum concentrations of both albumin and total protein (Table-8 ) fell 
as a result of prolonged systemic injury in rats. Mean serum albumin levels 
in all trauma groups showed a significant fall in experiment 1 (P<0.01) and 
experiment 2 ( P<0.001 ) as compared to respective pairfed controls. The fall 
was greatest in the butter oil and the least in the corn oil groups with
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significant differences between the two groups.. Total protein concentrations 
in serum fell in all groups and the responses were significant in the fish oil 
trauma group (P<0.01) in both experiments and butter oil trauma group 
(P<0.05 ) in experiment 2 compared to their non-traumatised pairfed controls, 
respectively.
Table 8. Mean serum albumin and total protein concentrations of rats traumatized 
with 3 subcutaneous injections of turpentine at 48 h intervals and their non­
traumatized pairfed controls as affected by 6 weeks of dietary treatment with corn 
oil, olive oil, butter oil or fish oil diets. Data are Mean ± S.E. of 6 rats in each group.
Dietary
Treatm ent
Albumin
a /L
Total Proteins 
g /L
Experiment 1 E xperim ent  2 Experiment 1 Experiment 2
C orn o il trauma
20 .60  ± 0.30  a 20 .20  ±  0 .70  aa’3 57 .03  ± 1.13 a+ 64 .20  ±  2 .10
pairfed 27 .50  ±  0 .80 30 .20  ±  1.60 64 .45  ± 1.78 73 .50  ±  5 .40
O live  o il
trauma 19.08 ±  0 .83  a 19.30 ±  1.70 a+ 54 .78  ±  2 .18 68 .30  ±  3 .30
pairfed 30.5  ± 0.75 31 .70  ± 1.40 61.01 ± 2 .07 75 .0  + 1.60
Butter oil
trauma no data 16.8 ±  0 .70  1,aa no data 63 .50  ±  2 .0 0 a+
pairfed no data 30 .20  ±  0 .70 no data 72 .0  ±  3 .30
Fish o il
trauma 19.70 ±  0 .4 4 a 20 .80  ±  1.80 aa 54.77  ±  1.71 *+ 61 .50  ±  2 .40  a
pairfed 27 .23  ±  1.09 32 .70  ±  1.40 67 .84  ±  2 .40 75 .80  ±  2 .50
a+ P < 0 .05, a P< 0.01 and aa P< 0.001 Vs respective pairfed controls. 'i'2'3'4' p> 0 .05  among 
traum atized dietary groups; 1 Vs corn oil, 2 Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
These results are supported by previous studies on turpentine induced 
injury as well as the results from other studies on clinically induced 
inflammations. In catabolic states, as in severe injury, the circulating albumin 
levels decrease, partly as a result of reduced synthesis and possibly through 
increased catabolism. Although the site of its catabolism is not clearly
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known, there is evidence that at least 70 % of albumin breakdown occurs in 
peripheral tissue (Rosenoer et al , 1977). A single insult of turpentine caused 
a 20 % fall in albumin levels six hours after the injection (Wusteman et al , 
1990), while a persistent decrease (45%) in plasma albumin levels resulted 
from a more extended injury with 3 turpentine injections (wusteman et al, 
1994). The decrease in circulating albumin concentrations could also be 
attributed to increase in extravascular albumin following trauma (Fleck, 1985 ).
Metabolic effects of dietary fat on the inflammatory response were 
studied in endotoxemia ( Besler and Grimble , 1995 ) and in TNF-a 
(Mulrooney & Grimble, 1993 ) induced inflammation. Both types of 
inflammatory responses seem to differ from the prolonged injury by 
turpentine in the present study in relation to effects of dietary fat on albumin 
levels. While the fish oil group albumin levels correspond with those reported 
in these models, the corn oil and butter oil results are converse in that the 
butter blunted the response and the corn oil exacerbated it in these previous 
studies.
Turpentine induced inflammation caused an overall decrease in tissue 
protein concentrations in liver and muscle (Table-9). However these changes 
were small and liver protein concentrations were only significantly reduced 
(P<0.05 ) in the butter oil and fish oil diet fed trauma groups compared to 
pairfed controls. In contrast, trauma reduced the skeletal muscle protein
concentrations irrespective of the diets fed to the animals.
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These results are consistent with other reports from experimental 
inflammations. One of the important consequences of the injury response 
is the complex change in the distribution of protein which occurs within the 
body. A single injection of turpentine caused a shift of protein from muscle to 
the liver ( Wusteman et al , 1990 ). Such a shift of protein has also been 
observed in sepsis (Ardawi , 1992) and in endotoxemia by Jepson and co­
workers (1986), who showed that muscle protein concentrations declined 30 h 
after 3 injections of LPS compared to 0-day controls . In prolonged 
systemic injury,induced by turpentine,this shift of protein into liver was more 
prominent ( Wusteman et a l , 1994 ).
Table 9. Mean liver and Muscle total protein concentrations of rats traumatized with 
3 subcutaneous injections of turpentine at 48 h intervals and their non-traumatized 
pairfed controls as affected by 6 weeks of dietary treatment with corn oil, olive oil, 
butter oil or fish oil diets. Data are Mean ± S.E. of 6 rats in each group.
Dietary Treatment Liver 
m g/1 OOmg
G astrocnem ius Muscle  
m g/1 OOmg
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn oil
trauma 15.85 ± 0.26 20.20 + 0.39 16.30 ± 0.40 19.80 ± 0.60a
pairfed 16.35 ± 0.22 21.48 ± 0.77 17.40 ± 0.50 22.10 ± 0.20
Olive oil
trauma 15.66 ± 0.34 19.74 ± 0.38 15.80 ± 0.50 19.09 ± 0.20 a
pairfed 16.49 ± 0.42 20.95 ± 0.66 16.40 ± 0.50 21.20 ± 0.50
Butter oil
trauma no data 20.01 ± 0.58 a+ no data 19.60 ± 0.30 a+
pairfed no data 22.45 ± 0.83 no data 21.70 ± 0.70
Fish oil
trauma 15.78 ± 0.24 a 20.65 ± 1.11 16.20 ± 0.60 18.90 ± 0.30 aa
pairfed 16.94 ± 0.28 22.72 ± 0.78 17.60 ± 0.40 21.80 ± 0.50
a+ P < 0.05, a P< 0.01 and aa P< 0.001 Vs respective pairfed groups.
In the present study, the traumatised groups showed marked decreases
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in protein concentrations of gastrocnemius muscle, with the fish oil group 
exhibiting the largest difference (16%, PO.OOl), followed by corn oil (12 %) 
and olive oil groups (11% , PO.Ol ) and a lesser effect in butter oil group (10 
%, P<0.05 ) when compared to their respective pairfed controls. The effect of 
dietary fats on skeletal muscle protein concentrations following a sustained 
injury induced by serial injections of turpentine seems to be characteristic of 
this model of inflammation. Of the dietary fats tested in^TNF - a  induced 
inflammatory response only corn oil fed rats showed changes in muscle 
protein concentrations compared to rats fed coconut oil ( Bibby & Grimble , 
1990 ).
The total organ protein mass (Table-10) of liver was significantly 
higher in corn oil (16%), butter oil (21%) and fish oil (17%) fed trauma 
groups but not olive oil group compared to their pairfed controls. Olive oil 
trauma group recorded highest liver protein mass values among all groups, 
and higher than its corresponding pairfed group but the difference was not 
significant. Although gastrocnemius muscle protein mass fell in all groups 
the response was only significant (P<0.05) in olive oil (14%) and fish oil 
(27%) fed groups compared to controls. The fall in the butter oil or corn oil 
trauma groups was not significant. Corn oil fed traumatised rats had 
significantly higher (15% , P<0.05) protein mass in gastrocnemius muscle 
compared to fish oil fed trauma group. The largest shift of muscle protein 
into liver occurred in olive oil and fish oil groups after trauma.
Table 10. Mean tissue organ protein mass of rats traumatized with a series of 3 
subcutaneous injections of turpentine at 48 hours intervals and their non­
traumatized pairfed controls as affected by 6 weeks of dietary treatment with corn 
oil, olive oil, butter oil or fish oil diets. Data are Mean ± S.E. of 6 rats in each group.
Dietary groups Liver 
g m s
Gastrocnemius Muscle 
g m s
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn oil
traum a 1.35 ±  0 .05  a 1.62 ±  0 .0 9 a 0.36  ±  0 .02  4 0 .38  ±  0 .02  4
pairfed 1.15 ±  0.03 1.40 ±  0.08 0 .38  ±  0 .02 0.43  ±  0.02
Olive oil
traum a 1.13 ±  0.06 1.90 ±  0.07 0.26  ±  0 .02  a 0 .37  ±  0 .02  a
pairfed 1.05 ± 0 .1 1 1.73 ±  0.16 0 .32  ±  0.01 0.43  ±  0.01
Butter oil
traum a no data 1.63 ±  0 .08  a no data 0.37  ±  0 .02
pairfed no data 1.35 ±  0 .08 no data 0 .40  ±  0 .02
Fish oil
traum a 1.22 ±  0 .07  a 1.67 ±  0 .1 1a 0.24  ±  0 .02  1 0.33  ±  0.01 a>1
pairfed 0.98  ± 0.07 1.43 ±  0 .07 0.29  ±  0 .02 0 .45  ±  0 .03
a P< 0 .05  aganist pairfeds, P< 0.05 among dietary groups; 1 Vs corn oil traum a group, 4 Vs fish
oil traum a group.
RNA concentrations (Table-11) in liver and skeletal muscle tissue 
were affected by trauma in all the dietary treatments. Mean RNA levels in 
liver and gastrocnemius muscle were significantly higher in traumatised rats 
fed corn oil, olive oil, butter oil or fish oil diets compared to their respective 
pairfed controls. Gastrocnemius muscle RNA values were highest in 
fish oil trauma group in both experiments and the concentrations were 
significantly higher than all other dietary groups. Enhanced rates of RNA 
synthesis in liver nucleoli isolated from rats 12 and 24 h after turpentine 
treatment were reported by Piccolitti and co-workers (1986). RNA to total 
protein ratio (Table-12) as an index of intensity of protein synthesis 
exhibited significantly
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Table 11. Mean RNA concentrations of liver and gastrocnemius muscle of 
traumatized rats and their pairfed controls. Rats were traumatized with 3 
subcutaneous injections of turpentine at 48 h intervals after a 6 weeks dietary 
treatment with corn oil, olive oil, butter oil or fish oil diets. Date are Mean ± S.E. of 6 
rats in each group.
Dietary groups liver
{ig /100m g
G astrocnem ius Muscle  
fig/1 OOmg
Experiment 1 Experiment 2 _ Experiment 1 Experiment 2
Corn
oil
trauma 732.98 ±  16.48 3,4 852.30 ± 33.10 3 87.47 ± 3.46 3,4 92.42 ± 4.62 3,4
pairfed 594.42 ± 9.49 691.42 ±  38.38 59.33 ± 5.19 77.45 + 3.37
Olive
oil
trauma 745.31 ± 32.27 3 850.32 + 41.66 3 95.02 ± 6.16 3 97.31 + 4.43 3,4
pairfed 608.59 ±  19.55 640.40 ± 40.83 67.94 ± 5.79 83.04 + 3.94
Butter
oil
trauma no data 760.25 ± 27.96 3 no data 95.76 + 4.92 4
pairfed no data 628.02 ± 15.99 no data 86.44 + 2.60
Fish
oil
trauma 821.42 ± 11.55 3,1 798.73 ± 56.95 3 126.51 + 4.34 3,1 112.18 + 3.53 a-1’2-3
pairfed 669.87 ± 17.20 659.15 ± 23.24 98.71 ± 4.58 86.81 ± 2.64
a P< 0.01 against respective pairfeds, 1-2'3-4’ p< 0.05 among traumatized dietary groups; 1 Vs corn oil, 
2 Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
higher activity in trauma groups compared to respective pairfeds in both 
experiments in liver as well as skeletal muscle tissue. However, results from 
fish oil trauma group suggest significantly higher activity in gastrocnemius 
muscle tissue compared to corn oil, olive oil or butter oil fed trauma groups. 
This seems to indicate that in rats of this age and after this prolonged 
inflammatory insult, the catabolic response after fish oil feeding involved 
accelerated protein turnover.
In endotoxin treated rats the rate of protein synthesis was shown to be 
positively associated with RNA / protein ratio ( Jepson et al , 1986 & 1988 ).
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In the present study RNA / protein ratio was calculated to assess the intensity 
of protein synthesis since the direct methods employing radiolabelling, were 
not available. Fractional protein synthetic rate (FSR) has been shown to be 
affected by inflammatory response. Mean protein FSR was shown to be 48 %
Table 12. Mean RNA to total protein ratio of rats traumatized with 3 subcutaneous 
injections of turpentine at 48 h intervals and their pairfed controls. Data are Mean 
± S.E. Calculated from individual RNA and total protein concentrations of 6 rats in 
each group.
Dietary groups Liver 
mg/1 OOmg
Gastrocnem ius Muscle 
mg/1 OOmg
Experiment 1 Experiment 2 Experiment 1 Experim ent 2
Corn
oil
trauma 0.46 + 0.01 3,4 0.42 ± 0.02 3 0.53 ± 0.03 3,4 0.73 ± 0.05 3,4
pairfed 0.36 ± 0.01 0.32 ± 0.02 0.33 ± 0.03 0.54 ± 0.02
Olive
oil
trauma 0.47 ± 0.02 3 0.43 ± 0.02 3 0.58 ± 0.04 a’4 0.79 ± 0.04 3,4
pairfed 0.37 ± 0.02 0.31 ± 0.02 0.42 ± 0.03 0.61 + 0.03
Butter
oil
trauma no data 0.38 ± 0.01 3 no data 0.77 + 0.05 3,4
pairfed no data 0.28 ± 0.01 no data 0.62 ± 0.02
Fish
oil
trauma 0.52 ± 0.01 a>1 0.38 ± 0.01 3 0.77 ± 0.03 3,1,2 0.94 ± 0.04 3'1,2,3
pairfed 0.39 ± 0.01 0.29 + 0.01 0.56 ± 0.02 0.63 ± 0.01
a P< 0.05 Vs respective pairfeds, 12 3 4- p< 0.05 among traumatized dietary groups; 1 Vs corn oil, 2 
Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
lower in turpentine treated rat muscle compared to ad-libitum fed rats and at 
the same time the FSR in liver rose to 28 % higher values ( Wusteman et al , 
1990 ). Such an effect on muscle and liver FSR are similar to those observed 
in endotoxin model for sepsis (Jepson et al , 1986). TNF- a  induced 
inflammatory response resulted in an increase in liver, lung and kidney FSR 
in rats fed corn oil diet while the rats fed fish oil prevented any increase in
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hepatic protein synthesis. Fish oil feeding also resulted in decreased FSR in 
lung and kidney. Coconut oil caused less increase in liver protein synthesis 
and like butter fed rats exhibited blunting effects on changes in protein 
synthesis in the lung and kidneys (Mulrooney and Grimble, 1993).
Serum and Muscle Glutamine
Glutamine levels in serum and skeletal muscle (Table-13) exhibited 
The influence of both inflammation as well as dietary fat fed to the animals in 
different groups. Mean glutamine levels in both serum and gastrocnemius 
muscle decreased as a result of injury. All the changes observed in muscle
Table 13. Mean glutamine concentrations in serum and gastrocnemius muscle of 
traumatized rats and their pairfed controls. Clinical trauma was induced by 3 
subcutaneous injections of turpentine one on either side of dorso-lumber region 
and the last one on the midline below the neck at 48 h intervals. Data are Mean ± 
S.E. of 6 rats in each group
Dietary
groups
Serum  
( g lu tam ine mmol/L)
Gastrocnemius Muscle 
( g lu tam in e m m ol/kg)
E xperim ent 1 E xperim ent 2 E xperim ent 1 E xperim en t 2
Corn
oil
trauma 0.627 ± 0.04 0.837 ± 0.05 a’2,3 4.41 ± 0.19 3 3.98 ± 0.35 3,2,3
pairfed 0.720 ± 0.70 1.113 ± 0.08 5.86 ± 0.39 5.14 ± 0.37
Olive
oil
trauma 0.536 ± 0.06 a 0.602 ± 0.05 ai1-3'4 4.79 ± 0.36 3 2.83 ± 0.23 3-1,3,4
pairfed 0.847 ± 0.02 0.988 ± 0.06 6.77 ± 0.24 4.07 ± 0.27
Butter
oil
trauma no data 1.094 + 0.06 3,1,2 no data 4.87 ± 0.18 3'1,2,4
pairfed no data 1.409 ± 0.07 no data 6.53 ± 0.45
Fish
oil
trauma 0.484 ± 0.03 a 0.853 ± 0.09 2 4.73 ± 0.25 3 3.96 ± 0.22 2,3
pairfed 0.789 ± 0.04 1.022 ± 0.06 5.94 ± 0.30 4.44 ± 0.27
a P< 0.01 Vs respective pairfeds, 12'3'4' p< 0.01 among traumatized dietary groups; 1 Vs corn oil, 2 
Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
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and serum glutamine concentrations were highly significant (P<0.01) 
except for the fish oil group where the changes did not reach 
significant levels. In the traum a groups circulating glutam ine levels 
corresponded to muscle glutamine levels in all four dietary groups.
The highest fall in serum glutamine levels was observed in olive oil 
injured rats (39%) as compared to pairfed controls. The fish oil trauma group 
showed the least fall (17%) among all the diets fed. The olive oil trauma 
group had significantly lower (P<0.01) serum glutamine levels than the butter 
oil (45%) or the fish oil (29%) trauma groups. Gastrocnemius muscle 
glutamine concentrations fell significantly (PO.Ol ) in the trauma groups on 
olive oil (31%), butter oil (25%) and corn oil (24%) diets compared to their 
respective pairfed controls. An insignificant fall (11%) was observed in fish 
oil trauma group compared to its controls. The olive oil fed rats showed a 
marked decline (PO .Ol) in muscle glutamine concentrations compared to 
corn oil (29%), butter oil (42%) and the fish oil (28%) fed rats after injury.
It has been convincingly, demonstrated that a marked decrease in the 
skeletal muscle glutamine pool represents one of the most typical features of 
the metabolic responses to trauma (Wusteman et al, 1990) and other catabolic 
states (Jepson et al, 1988 ; Askanazi et al, 1980). Serial injections of 
turpentine employed in the present study caused sharp decreases in serum 
glutamine levels as well.
The effect on serum glutamine levels seems to be related to severity
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of trauma. A single injection of turpentine did not produce any changes in 
serum glutamine levels (Wusteman et al, 1990) while 3 serial injections of 
turpentine given at 48 hour intervals produced 26% reduction in circulating 
glutamine concentrations of rats on day- 6  after the first injection 
(Wusteman et al, 1994). Similar alterations in muscle glutamine were 
observed in an earlier study by Askanazi et al (1980) in patients following 
an accidental injury .
Apart from trauma, the effects of diet on glutamine metabolism 
.The
remain unclear.[influence of protein restriction on glutamine concentrations
in skeletal muscle has been studied. Endotoxemia induced a decrease in
muscle glutamine and the decrease was further exacerbated by protein
deficiency (Jepson et al, 1988). Effects of dietary fat on glutamine
metabolism in injury have not been studied. In the present study, however.
The
the. dietary fats tested seem to affect glutamine metabolism considerably, [olive 
oil diet caused a marked decrease in the circulating glutamine levels as well 
as in the skeletal muscle pool of glutamine. This is best indicated by the 
results of experiment 2 , since in this case measurements were more precise 
and carried out using a Sigma kit. However, the metabolic significance of 
this is not immediately apparent.
When plasma glutamine concentrations decline the glutamine efflux 
from skeletal muscle increases suggesting that accelerated uptake of 
glutamine occured at some other site during trauma. Glutamine is utilized at
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a higher rate by cells of the immune system (e.g. lymphocytes and 
macrophages) and other cells involved in inflammatory and repair process 
not only as source of energy but also for use in the active biosynthetic 
pathways viz., nucleic acid synthesis (Ardawi, 1992). It does not, however, 
account for all the decline in glutamine levels since corn oil fed rats showed 
glutamine concentrations in both plasma and skeletal muscle similar to fish 
oil fed rats. One possible explanation for such phenomenon could lend 
support from the fact that both fish oil and olive oil fed groups had higher 
glutathione levels in liver and gastrocenmius muscle compared to corn oil 
or butter oil fed rats. Measurement of hepatic tissue glutamine could 
possibly have supported this view. Glutathione is not an antioxidant alone 
but is also required in large amounts by hepatic parenchyma and 
inflammatory cells during injury. Glutathione requires glutamate for its 
biosynthesis and presumably an important intracellular source of glutamate 
is glutamine. On this basis then the decrease in circulating and muscle 
glutamine pool in rats fed olive oil or fish oil diets could partly be 
attributed to their higher production of glutathione (see table 16 below).
Glutathione concentrations in fish oil and olive oil diet fed rats did
The
not alter markedly after trauma compared to controls.^glutamine pool in 
corn oil fed rats was as much reduced as was seen in the fish oil fed rats, 
but the former group was observed to be under higher oxidative stress. That 
possibly suggests over-consumption of glutathione by undergoing rapid
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oxidation and subsequent use of glutamine in glutathione synthesis.
Glutamine levels in butter oil diet fed rats were the highest among groups
.1Uc
and, interestingly, resisted any change in/glutathione pool after injury.
Serum and Hepatic Zinc
Sustained injury with turpentine injections caused^marked decrease 
in plasma zinc levels and a simultaneous uptake of zinc by liver (Table-14). 
Corn oil fed rats after tauma showed the maximum decrease in serum 
zinc levels i.e. , 59% (P<0.05) and 40% (P< 0.001) of pairfeds, 
respectively in experiment 1 and 2 . Whilst fish oil fed rats showed the 
minimum non significant decrease (87% and 91% of pairfeds), respectively 
after trauma. A decrease of 69% and 79% of pairfed values, respectively 
was observed in olive oil diet fed rats in experiment 1 and 2. Mean serum 
zinc levels fell to 78% of control values in butter oil fed rats.
An inverse relationship between serum zinc levels and hepatic zinc
ike
concentrations was seen in all the dietary groups. Hence, [corn oil trauma 
ike
group revealed/highest increase in mean liver zinc concentrations of 167% 
and 148% (PO.OOl) of pairfed values, respectively in experiment 1 and 2. 
Fish oil fed rats showed non significant increases of 125% and 103%, 
respectively in mean liver zinc levels in experiment 1 and 2. Olive oil fed 
rats had their hepatic zinc increased to 152% and 117% (PO .05) of pairfed 
levels in the two experiments.
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Table 14. Mean zinc levels in serum and liver tissue of traumatized rats and their 
pairfed controls. Clinical trauma was induced by 3 subcutaneous injections of 
turpentine one on either side of dorso-lumber region and the last one on the midline 
below the neck at 48 h intervals. Data are Mean ± S.E. of 6 rats in each group.
Dietary
Groups
Serum  
(zinc jug /100ml)
Liver 
( zinc jj.g/1 OOgm)
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn
oil
trauma 103.67 ± 7.99 a 75.47 ± 5.91 a+-2,3-4 35.15 ± 0.78 a+ 42.78 ± 2.09 a+-2-3-4
pairfed 175.17 + 4.70 190.35 ± 6.54 21.04 ± 0.91 28.87 ± 2.27
Olive
oil
trauma 109.67 ± 4.83 a 136.03 ± 5.04 3,1 34.76 ± 2.12 3 33.73 ± 2.59 1
pairfed 158.67 ± 5.99 171.78 ± 10.93 23.08 ± 1.18 28.88 ± 1.20
Butter
oil
trauma no data 121.77 ± 10.56 3,1 no data 33.51 ± 1.68 3,1
pairfed no data 155.97 ±11.13 no data 27.88 ± 1.41
Fish
oil
trauma 109.50 ± 2.03 126.43 ± 7.35 1 34.97 ± 2.10 33.41 ± 1.68 1
pairfed 126.67 ± 4 .50 139.35 ± 7.74 28.21 ± 1.69 31.95 ± 1.83
a P< 0 .05, a+ P< 0.001 Vs respective pairfeds, 1'2,3,4, P< 0.01 among traum atized dietary groups; 
1 Vs corn oil, 2 Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
This shift of circulating zinc into liver during inflammatory response
in the present study is supported by work done in the area by Grimble and
Co-workers, although in a different model of induced trauma (Mulrooney and
Grimble, 1993; Bibby and Grimble 1991; Besler. and Grimble, 1995). The
blocking effect of the fish oil diet on this shift of serum zinc into liver, as
e
seen in this study, is in line with the findings of Mulroor^ and Grimble 
(1993). TNF-a induced inflammation results in elevation of circulating 
glucocorticoid, glucagon and catecholamine concentrations in rats (Grimble 
and Bremner, 1989) which W  : Mulrooney and Grimble (1993) to suggest 
that these hormones may be involved in changes in liver zinc levels since 
glucocorticoid and glucagon are reported to be involved in zinc uptake into
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hépatocytes. A prominent effect of dietary fat in turpentine induced injury in 
the present study was seen in corn oil fed rats in experiment 2. Mean serum 
zinc levels were lower in all groups, significantly in all except the fish oil 
group but the extent of the fall was much greater in the corn oil group. 
Among the dietary groups after trauma the decrease in serum zinc levels in 
corn oil fed rats was most marked so that the concentrations were 55% of 
olive oil, 60% of butter oil and 60% of fish oil fed rats. Moreover, hepatic 
zinc levels in traumatized corn oil group rose to the highest value among 
groups as 127% of olive oil, 126% of butter oil and 130% of fish oil fed 
group values, respectively.
Fasting Glucose and Insulin
Fasting glucose levels (Table-15) did not change significantly in 
traumatised rats in any of the groups. The Influence of the inflammatory 
response on fasting glucose levels appears to be inconsistent and seems to be 
affected by not only the severity of trauma but also the model of trauma 
employed. Turpentine induced inflammation was reported to cause no 
alterations in fasting plasma glucose levels compared to pairfed controls 
(Wusteman et al 1990).
In an endotoxemic model, Jepson et al (1986) did not observe any 
significant differences in plasma glucose levels between endotoxin treated 
rats and their untreated controls. In sepsis, although the glucose
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concentrations in septic rats were higher than their sham-operated controls 
the difference was not significant (Ardawi, 1992 and Ardawi et al 1990). 
Mean fasting insulin levels (Table-15), in the present study, were higher in 
trauma irrespective of the dietary treatment without reaching significant 
levels in any of the groups. Fasting insulin levels usually rise as a result of 
trauma and at least partially this increase is attributed to insulin resistance 
that prevails following injury.
Table 15. Mean serum fasting glucose and insulin levels of traumatized rats and 
their pairfed controls. Clinical trauma was induced by 3 subcutaneous injections of 
turpentine one on either side of dorso-lumber region and the last one on the midline 
below the neck at 48 h intervals. Data are Mean ± S.E. of 6 rats in each group.
Dietary Groups G lucose
mmol/L
1
1
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn oil
trauma 6.07 ± 0.39 6.52 + 0.34 40.8 ± 4.00 90.60 ± 5.06
pairfed 7.72 ± 0.31 6.66 ± 0.57 46.78 ±6.34 83.00 ±7 .23
Olive oil
trauma 5.12 ± 0.42 7.26 ± 0.45 37.87 ± 1.59 79.20 ±14 .12
pairfed 7.27 ± 0.37 7.42 ± 0.58 46.65 ± 3.52 50.80 ± 5.80
Butter
oil
trauma no data 7.32 ± 0.58 no data 108.20 ± 18.47
pairfed no data 6.84 ± 0.28 no data 66.60 ± 9.38
Fish oil
trauma 4.77 ± 0.26 7.34 ± 0.74 41.3 ± 3.18 119.75 ± 23.37
pairfed 6.08 ± 0.34 7.66 ± 0.49 42.98 ± 2.69 70.20 ± 12.51
Turpentine induced inflammation resulted in 30 % increase in plasma 
insulin levels 48 h after the single injection ( Wusteman et al, 1990 ), which 
seems to return to normal in a more sustained model of 3 serial subcutaneous 
injections of turpentine employed in the present study. Endotoxemic models
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of inflammation also indicate rise in fasting insulin levels (Jepson et al, 
1986). Apperently dietary fat did not affect the fasting insulin levels in the 
experiments under discussion, However, glucose tolerance and insulin 
sensitivity was studied in a separate experiment and will be dealt with 
elsewhere in detail.
Oxidative Stress
As indicated by the changes in glutathione levels turpentine induced 
injury increased the oxidative stress in liver and skeletal muscle of the rats in 
all the dietary treatments. Mean, glutathione levels in liver and gastrocnemius 
muscle (Table-16) of rats in corn oil, olive oil or fish oil groups after trauma 
were significantly lower ( P<0.05 ) compared to controls in experiment 1. 
However, these differences were not significant in experiment 2 except for 
the corn oil fed rats.
Marked influences of dietary fats on oxidative stress were observed 
in liver and skeletal muscle tissue. The influence was greatest in the corn 
oil fed trauma group which had the lowest glutathione levels in liver and 
skeletal muscle in both the experiments, and the least in the fish oil trauma 
group which had the highest values among all groups: i.e., in the fish oil 
trauma group glutathione levels in liver were significantly higher (P<0.01) 
compared to corn oil (51%), olive oil, (31%) or butter oil (49%) trauma 
groups. This pattern was also observed in skeletal muscle with the greatest
fall in the corn oil group and the least fall in the fish oil group. Cellular 
concentrations of GSH have been shown to inversely correlate with the 
degree of cell lipid peroxidation while increased tissue malondialdehyde 
levels implicate that available antioxidants were inadequate to avoid lipid 
peroxidation (Garrido et al, 1993).
Table 16. Mean glutathione concentrations in liver and gastrocnemius muscle 
tissues of traumatized rats and their pairfed controls. Clinical trauma was induced 
by 3 subcutaneous injections of turpentine one on either side of dorso-lumber 
region and the last one on the midline below the neck at 48 h intervals. Data are 
Mean ± S.E. of 6 rats in each group.
Dietary
Groups
Liver
(glutathione X  10 nmol/g)
Gastrocnemius Muscle 
(glutathione X  10 nmol/g)
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn
oil
trauma 86.77 ± 3.55 a,4+ 71.87 ± 7.87 a,4+ 178.42 ± 7.81 a 121.99 ± 16.11 a'3,4
pairfed 166.65 ± 8.78 135.41 ± 21.06 291.93 ±11.31 190.38 ± 21.63
Olive
oil
trauma 94.84 ± 6 .29  a 82.89 ± 6.57 4+ 182.07 ± 7.95 a 148.73 ± 23.89
pairfed 163.12 ± 9.85 86.99 ± 9.72 288.62 ± 7.84 182.20 ± 11.88
Butter
oil
trauma no data 73.17 ± 9.90 4+ no data 186.97 ± 19.25 1
pairfed no data 92.43 ± 9.09 no data 200.60 ± 8.92
Fish oil
trauma 123.90 ± 5.77 a-1 108.77 ± 4.77 1’2’3 202.96 ± 7.59 a 209.46 ± 21.43 1
pairfed 160.65 ± 6.70 115.16 ± 6.93 292.83 ± 7.59 256.49 ± 21.40
a P< 0 .05  Vs respective pairfeds, 1'2’3,4, P< 0 .05  among traum atized dietary groups; 1 Vs corn oil, 2 
Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups; 4+ P< 0.01 Vs fish oil.
Mean malondialdehyde .( MDA ) levels in both liver and skeletal 
muscle (Table 17) increased in all injury groups compared to respective 
pairfed groups indicating increased lipid peroxidation. These increases were 
significant for the olive oil group in liver and for the corn oil in both liver 
and muscle (PO.Ol). MDA levels were shown to increase 3-fold after a burn
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injury in sheep (Daryani et al, 1990). Corn oil and olive oil fed injured rats 
had significantly higher ( PO .05 ) MDA levels compared to their controls in 
both liver and gastrocnemius muscle tissue. The increases were least in liver 
in the fish oil group with responses significantly lower than corn oil trauma 
group.
Table 17. Mean malondialdehyde (MDA) concentrations of traumatized rats and 
their pairfed controls. Clinical trauma was induced by 3 subcutaneous injections of 
turpentine one on either side of dorso-lumber region and the last one on the midline 
below the neck at 48 h intervals. Data are Mean ± S.E. of 6 rats in each group.
Dietary Groups Liver
(MDA nmol/g wet tissue)
Gastrocnem ius Muscle 
(MDA nmol/g wet tissue)
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Corn oil
trauma 374.70 ± 17.10 3,4 343.65 ± 25.18 3 91.51 ± 2.74 3,4 86.02 ± 3.76 3
pairfed 243.90 ± 6.10 269.35 ± 15.83 73.37 ± 3.10 60.74 ± 6.02
Olive oil
trauma 354.40 + 11.10 3 362.66 + 15.22 3 88.27 ± 2.23 3 86.01 ± 7.93
pairfed 242.80 ± 7.90 264.71 + 14.08 70.85 ± 2.81 69.29 ± 4.67
Butter oil
trauma no data 346.21 ± 15.15 no data 80.67 ± 6.46
pairfed no data 308.18 ± 17.77 no data 62.73 ± 6.83
Fish oil
trauma 291.40 ± 5.80 3,1 329.70 ± 17.09 72.86 ± 2.66 3,1 85.77 ± 5.21
pairfed 239.80 ± 9.50 307.64 ±14.33 64.44 ± 2.02 78.32 ± 6.44
a P< 0.01 Vs respective pairfeds, 1'2,3,4, P< 0.05 among traumatized dietary groups; 1 Vs corn oil, 2 
Vs olive oil, 3 Vs butter oil , and 4 Vs fish oil groups.
Glulathione :co intent in tissues, such as liver, kidney and red cells, has 
been documented to be decreased during oxidant release as GSSG is exported 
out of the cell as a mercapturic acid product into the biliary tract in liver and 
into plasma from the red cell and kidney. GSH is also lost from injured cells. 
The marked and persistent decreased GSH activity in liver is compatible with 
an ongoing loss as well as decreased production due to decreased nutrient
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intake (Demling et al, 1992). G lutathione levels in sepsis undergo significant 
reduction in rat hepatocytes (Ardawi, 1992)
There is ample evidence that suggests tissue injury causes oxidative 
stress (fig. 23). A chain reaction is initiated which results in excessive 
production o f superoxides ( O2 * ) and peroxides (H 2 O2 ) at sites o f chronic 
inflammation causing severe tissue damage. In the presense o f transition 
metals such as iron, superoxide is converted into the highly reactive hydroxyl 
radicals (OH ). Oxidative stress and damage seems to happen in inflamed 
joints o f patients with rheumatoid arthritis and in the gut o f patients with 
inflammatory bowel disease (Halliwell et al, 1995).
Heat
Trauma
Ultrasound
Infection
Radiation
Elevated 0 2
Toxins
Exercise to
excess
Ischemia
+. Increase in radical-generating enzymes 
(e.g. xanthine oxidase) and/or their 
substrates (e.g. hypoxanthine)
Activation of phagocytes
Tissue
Damage
Activation of phospholipases, cyclo- 
oxygenases, and lipoxygenases
» Dilution and destruction of antioxidants
+ Rlease of “free” metal ions from 
sequestered sites
*  Release of heme proteins 
(hemoglobin, myoglobin)
+ Distruption of electron transport chains and 
increased electron leakage to form 0 2
F ig .  23 .  Reasons for increased oxidative damage as a consequence of injury to 
human tissues. (Halliwell et al., 1995).
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The oxidation of fatty acid substrates via the cyclo-oxygenase 
pathways is a reaction initiated by free radicals which requires a continuous 
supply of peroxide for activity. Hence the rate of eicosanoid synthesis 
depends not only on the amount of substrate available, but also on the level 
of cellular antioxidants and peroxides (Turley and Strain, 1993).
Generally, membranes that are high in PUFA are more susceptible to 
peroxidation and require greater antioxidant protection in response to an 
oxidative stress. However, in contrast to this generalization some studies 
have proposed that moderate amounts of n-3 fatty acids within membranes 
may actually interfere with the formation of lipid peroxides by competitively, 
inhibiting the oxidation of arachidonic acid by cyclo-oxygenase and 
lipoxygenases, thus protecting antioxidants from over-consumption (Kinsella 
et al, 1990). Vitamin E supplementation was shown to potentiate the lowering 
effects exerted by EPA on eicosanoid production in rat polymorphonuclear 
leukocytes (Mosconi et al, 1988). Vitamin E and fish oils appear to have 
similar effects on eicosanoid metabolism and are likely to share other 
common features so far as metabolism is concerned (Turley and Strain, 
1993). Fish oil administration has been shown to prevent exaggerated levels 
of plasma hydroperoxides in rabbits (Lands et al 1987).
1 h€.
It is interesting to note, however, that the effect of dietary fats on/zinc 
pool is more or less similar to that of glutathione pool in the present study
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and the former could be seen to augment the amelioration of oxidative stress 
in fish oil fed group following injury. The role of zinc in several components 
of oxidant defense system is well documented (Oteiza et al, 1995).
Membrane fatty Acids
In these studies the extent to which the dietary fats influenced the 
structure of membranes was examined in terms of the fatty acid composition of 
the rat liver membranes. The incorporation of fatty acids into these membranes 
was duly influenced by/quality of dietary fats. In two 6 -week dietary 
treatments the results obtained were not exactly the same but the pattern of 
incorporation of fatty acids was similar. Hepatic membrane fatty acids in both 
experiments (Table 18 & 19) incorporated 24 % linoleic acid, 20 % 
arachidonic acid and 1 1  % oleic acid after feeding a 2 0  % corn oil diet to rats 
for six weeks. Olive oil diet feeding resulted in high oleic acid incorporation of 
2 0  % and 26 %, arachidonic acid 2 1  % and 17 %, and linoleic acid up to about 
10 % and 9 % in experiments 1 and 2, respectively. Fish oil diet (4  % fish oil + 
16 % olive oil in a 2 0  % fat diet ) fed rats incorporated 16 % and 2 0  % oleic 
acid, 1 1  % and 1 0  % linoleic acid, and arachidonic acid to the extent of 13 % 
and 1 0  % in experiment 1 and 2 , respectively in the membranes.
Tv\C.fish oil diet at only 4 % fish oil in the diet incorporated substantial long
chain n-3 polyunsaturated fatty acids with EPA at 5% and DHA at 8 % in the
membranes in 6  weeks feeding. Butter oil fed rats incorporated 20 % oleic,
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8  % linoleic and 10 % arachidonic acid. Olive oil and butter oil also 
incorporated about 4 % DHA into the membranes. Saturated fatty acids were 
lower as a result of feeding olive oil or fish oil diets (44% each) compared to 
butter oil feeding (52%) or corn oil diet feeding (49%).
Table 18. Percent fatty acid composition of rat liver membranes as affected by 
corn oil, olive oil or fish oil diets over a period of 6 weeks ( Experiment 1 ; average of 
3 pooled samples / group).
FATTY ACID C- NUMBER
PERCENT COMPOSITION
CORN OIL 
DIET
OLIVE OIL 
DIET
FISH OIL 
DIET
Palm itic C16:0 24.55 21.11 19.54
Stearic C18:0 12.87 18.62 20.31
Oleic C18:1 co-9 11.33 20.17 16.21
Linoleic C18:2 (o-6 24.60 9.75 10.86
Eicosaenoic C20:1 co-3 6.35 8.95 6.90
Arachidonic C20:4 co-6 20.31 21.41 13.40
Eicosapentaenoic C20:5 co-3 - - 4.05
Docosatetraenoic C22:4 co-6 - - 1.40
Docosahexaenoic C22:6 co-3 - - 7.34
Clearly the data from the present study seems to show that membrane 
lipid composition is not a simple reflection of dietary lipid composition. The 
dietary lipids are mainly ingested as triacylglycerols (TAG) whilst the 
membrane lipids exist in the form of phospholipids. The hydrolysis of TAG 
fatty acids in the gastrointestinal tract and their transport is well understood. 
But the subsequent incorporation of these fatty acids into membranes is likely 
to be determined by their turnover as well as by the mechanisms that regulate 
acylation of these fatty acids into the phospholipids. This seems to support 
the idea that lipid pools exist in the body and the turnover of fatty acids
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proceeds at different rates in these pools. The dietary fatty acids effectively 
increase the fatty acid concentrations in these lipid pools (Hillier et al, 1991). 
Subsequent incorporation of the individual fatty acids into membranes would 
then possibly proceed at rates governed by the fatty acid characteristics and 
the type of cell in which they are incorporated.
Table 19. P e rcen t fa tty  ac id  co m p os itio n  o f ra t live r m em bran e s  as a ffe c te d  by corn  
o il, o live  o il , b u tte r o il o r fish  o il d ie ts  o ve r a period  o f <5 w e e ks  (E xp e rim e n t 2 ; 
ave rage  o f 3 poo led  sa m p le s  /  g roup).
FATTY ACID C - NUMBER
PERCENT COMPOSITION
CORN 
OIL DIET
BUTTER OIL 
DIET
OLIVE OIL 
DIET
FISH OIL 
DIET
Laurie acid C12:0 1.03 0.85 - -
Myristic C14:0 - 0.21 - -
Palmitic C16:0 24.10 28.99 19.05 21.44
Stearic C18:0 24.32 21.71 25.16 22.69
Oleic C18:1 co-9 11.41 24.27 25.82 20.41
Linoleic C18:2 co-6 23.83 8.44 8.55 9.98
Eicosaenoic C20:1 (o-3 0.99 0.39 0.53 0.29
Arachidonic C20:4 co-6 14.32 10.02 17.17 10.36
Eicosapentaenoic C20:5 co-3 - - - 4.99
Docosadienoic C22:2 co-6 - 0.74 - -
Docosatetraenoic C22:4 co-6 - - - 1.47
Docosahexaenoic C22:6 co-3 - 4.39 3.73 8.37
PUFA / SFA Ratio 0.77 0.46 0.67 0.80
PUFA / MUFA Ratio 3.07 0.96 1.12 1.70
co-6 / co-3 Ratio 38.54 4.02 6.04 1.60
The incorporation of fatty acids in the membranes showed a pattern 
which has been reported earlier by several groups (Periago et al 1990; 
Williams & Maunder, 1992). Fatty acid profiles of these membranes 
generally reflected dietary fatty acid profile with evidence of substitution
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of n-9, n-3 and n - 6  fatty acids proportionate to their levels in the diet. 
Incorporation of long chain n-3 PUFA into fish oil diet fed rat liver 
membranes, in the present study, is in line with previous reports of 
Williams and Maunder (1992) and Hagve and Christophersen (1991). But 
the relatively higher percentage of arachidonic acid deposition in the fish 
oil group could be attributed to presence of arachidonic acid ( 1 .6 g / kg 
diet), the highestjamong the four diets in the present study, and relatively 
high proportion of linoleic acid next to corn oil and olive oil (Tappia and 
Grimble, 1994) in our fish oil diet.
The presence of higher arachidonate than linoleic acid levels in 
olive oil fed group membranes compared to corn oil fed rats suggests that 
olive oil in the diet favours conversion of linoleate to arachidonate in 
liver microsomes (Periago et al, 1988). The same mechanism could be 
operating in our fish oil diet which had 80% of dietary fat as olive oil. An 
overall higher deposition of long chain PUFA of n - 6  and n-3 fatty acids in 
butter oil, fish oil and olive fed groups could possibly be attributed to the 
competition that exists among oleic, linoleic and linolenic acids for the 
delta 6  desaturase enzyme system. This enzyme system has the highest 
affinity for oleic acid followed by linoleic acid for elongation and 
desaturation of long chain PUFA (Periago et al, 1990).
In the present study, the polyunsaturated to saturated fatty acid
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(P:S) ratio in corn oil fed rat membranes was 0.77, butter oil 0.46, olive 
oil 0.67 and in fish oil diet the highest value of 0.80. The P:S ratio 
indicates least membrane fluidity in butter oil group and the highest in 
fish oil fed rat membranes. The ratio of co- 6  to co-3 fatty acids was very 
high in corn oil group (38.5) compared with butter oil (4), olive oil (6 ) 
and fish oil (1.6) fed rats reflecting the co- 6  to co-3 ratio in the diet. Such 
a high ratio of co- 6  to co-3 fatty acids is inhibitory to the incorporation of 
co-3 fatty acids (Pan et al, 1994) even though co-3 fatty acids are preferred 
substrates for the elongase and desaturase enzymes compared to co- 6  and 
co-9 fatty acids. This demonstrates that co- 6  to co-3 ratio in the diet does 
influence the ratio in the membrane fatty acid profile thereby affecting 
their role in mediating the metabolic responses to a wide range of insults 
including tissue injury, infection and trauma.
In the present study the influence of varied membrane fatty acid 
profiles among different dietary fats tested was evident in several 
metabolic responses to prolonged systemic injury induced by serial 
subcutaneous injections of turpentine. Weight gains of animals before and 
after trauma were affected by co-3 fat even at a much lower level compared 
to other fats. A high co- 6  to co-3 ratio in corn oil diet fed rat membranes 
exacerbated the acute phase response by affecting zinc, glutamine and 
protein metabolism in trauma. In contrast a low co- 6  to co-3 ratio in fish 
oil diet fed rat membranes suppressed the acute phase response by
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blocking any alterations in zinc and glutamine pools and by ameliorating 
the oxidative stress in injured rats. Most of these alterations have been 
observed to be induced by cytokine administrations in numerous studies by 
Grimble and his team, hence it would be safe to postulate that membrane 
fatty acid composition and the consequent eicosanoid metabolism does 
influence and mediate changes brought about by cytokines in a prolonged 
clinical injury employed in this study.
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Part II
E ffe c t  o f  d ie ta r y  
c o r n  o i l ,  o l iv e  o i l ,  b u t t e r  o i l  or  f i s h  o i l  o n  
g lu c o s e  t o le r a n c e  a n d  in s u l in  s e n s i t i v i t y  
in  n o r m a l a n d  in ju r e d  r a ts
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INTRODUCTION
Experimental studies have established that a number of metabolic 
alterations accompany/acute phase response resulting from injury (Beutler 
& Cerami, 1987). Cytokine production in response to injury, infection and 
sepsis has also been demonstrated using a variety of models (Dinarello, 
1984; Beutler & Cerami, 1987) . These hormone like substances induce 
local inflammatory changes and mediate several metabolic responses in 
the subject which lead to the provision of nutrients for the activated 
immune system (Male et al, 1989; Grimble, 1990 ). Mobilisation of body 
fuels viz., glycogen, adipose and proteins is a component of this altered 
metabolism which accelerates the substrate turnover for energy after 
trauma (Barton, 1985). More than 80 percent of the fuel required to meet 
the increased metabolic rate is derived from fat stores (Kinney, 1977), the 
superiority of glucose over fat as a protein sparing calorie source in 
catabolic state is probably related to its ability to excite an insulin 
response (Woolfson et al, 1977).
It is known for decades that hyperglycaemia is a prominent feature 
of the acute response to stress or injury and results initially from the 
mobilisation of liver glycogen (Stoner, 1958). Barton (1985) reviewed the 
studies conducted on energy mobilisation after injury and concluded that 
the lack of an appropriate increase in insulin secretion, the failure of 
glucose utilisation to respond appropriately to circulating insulin levels
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(peripheral insulin resistance), and the unsuppressed gluconeogenesis 
were the factors that contributed to hyperglycaemia after injury.
A more recent review focusing on the metabolic complications of 
patients with sepsis, burn or trauma concluded that carbohydrate 
metabolism was considerably altered in these conditions. A state of 
hypermetabolic stress prevailed which caused these alterations in 
carbohydrate metabolism viz., enhanced peripheral glucose uptake and 
utilisation, hyperlactatemia, gluconeogenesis, depressed glycogenesis, 
glucose intolerance and insulin resistance (Mizock, 1995).
Clinical and experimental studies have demonstrated that 
hyperglycaemia persisted for at least 24 hours after severe injury (Davies, 
1982), at which point the body’s glycogen reserves are already exhausted 
indicating a state of impaired glucose tolerance. In burned patients this 
impaired clearance of glucose was attributed to suppression of insulin 
secretion due to high adrenaline concentrations (Allison et al, 1968). 
Hyperglycaemia would normally increase utilisation of glucose, but 
reports from animal studies demonstrate remarkable impairment of 
metabolic clearance of glucose in trauma (Wolfe et al, 1976, Heath & 
Corney, 1973).
The effect of dietary fat on glucose tolerance and insulin sensitivity 
has been studied in numerous experiments. Insulin action rather than 
glucose tolerance has been the focus in these studies. Dietary fatty acid
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profile was shown to be related to insulin action as directly assessed by 
euglycemic, hyperinsulinémie clamp. Diets high in saturated (edible 
tallow), n-9 monounsaturated (olive oil) or n - 6  polyunsaturated (safflower 
oil) fat produced severe hepatic and peripheral insulin resistance. 
Substitution of n-3 PUFA (fish oil), predominantly long chain highly 
unsaturated 20:5 (n-3) and 22:6 (n-3) fatty acids, into the safflower oil (n-6 ) 
diet prevented the insulin resistance. An equivalent amount of 18:3 (n-3) 
linseed oil had no beneficial effect on insulin action in the same safflower 
oil-based diet, but it completely prevented insulin resistance when 
substituted into a more saturated fat diet (Storlien et al, 1991).
The relevance of the present study is underlined by the role of 
membrane fatty acids in ameliorating the diet induced insulin resistance. 
The fatty acids in membranes are continuously and rapidly turned over 
(Davidowicz, 1987). Incorporation of advantageous n-3 fats into 
membranes from dietary source is possible so that hyperglycaemia in 
injured patients on parenteral nutrition could be prevented. Also in 
intentional trauma (surgery) the administration of glucose-containing 
solutions results in hyperglycaemia, which could be avoided by 
manipulation of dietary fat before surgery, wherever possible. Better 
nutritional support could be provided to the patients in trauma if  the 
mechanisms, operating in altered glucose tolerance and insulin action as a 
result of dietary fat manipulation, are understood.
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H y p o th es is
The hypothesis for the present study remains more or less the same 
as study A (Part I of the thesis). Membrane fatty acids are substituted by 
the fatty acids in diet. The consequent changes in eicosanoid synthesis 
affects the metabolic responsiveness to hormonal and cytokine induced 
stimulation of various physiological process, of which the glucose 
clearance and insulin sensitivity are the focus in the present study.
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MATERIALS AND METHODS
The objective of this study was to investigate the effects of corn oil 
(predominantly n - 6  PUFA), butter oil (saturated medium chain fatty acids, 
low in n - 6  precursors), olive oil (monounsaturated predominantly n - 9  oleic 
acid) and fish oil (rich in long chain n-3 PUFA) on glucose tolerance and 
insulin sensitivity in normal rats and in rats with turpentine induced injury.
This study was carried out in collaboration with a fellow investigator 
(Al-Duwaihy, M), whose project had focused on effects of dietary fat on 
glucose tolerance and insulin sensitivity in normal rats.
Moreover, while most of the conditions of previous design were 
maintained, several alterations were made as follows:
a). The level of fat in the diets was lowered to 10 % from 20 %
in earlier experiments.
b). The dietary level of fish oil was raised to 1: 1 from 1: 4 fish 
oil - olive oil.
c). Adult rats were studied as opposed to weanling rats in the 
earlier work.
d). As would be explained in methods, the present study was 
conducted in a less extended model ( a single injection of
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turpentine, s.c. ), owing to limitations posed by
I). The phase of injury the rats were in at 144 for* ' .
V J  k f r  •s V t r<"t e x  T a  <À .<- Ç 'Ç "  v»-") V "
II). The survival of rats through the sampling time.
III). Reproducibility of results.
Pilot trials
Several pilot trials were conducted to develop and standardise the 
techniques employed. At the outset, glucose tolerance was measured in 
prolonged injury employing the same model as earlier experiments in part I of 
this thesis. A total of 12 male Wistar albino rats of similar age, weighing 
240-260 g were well maintained under standard conditions of temperature (23 
± 1° C), humidity (50-55%) and light (12 h light and 12 h dark cycle). The 
rats were housed in separate cages and fed regular rat chow and had free 
access to water. After 3 days adjustment period, they were divided in 2 
groups ( 6  rats each). Rats in one group were given 3 consecutive 
subcutaneous injections (0 . 2  ml / 1 0 0 g body weight) of turpentine at 48 h 
intervals, two laterally in the dorso-lumber region and the last one on 
midline below the neck. The other group of animals served as non- 
traumatised controls. Food intakes and body weights were recorded 
throughout the period of study. Forty eight hours after the last injection, rats
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were fasted overnight and anaesthetised with urethane (2 0 % w/v, 0 . 5  ml/ 
1 0 0 g body weight, i.p.) and placed on an operating table with a warming pad. 
Through a ventral midline neck incision, the left carotid artery was 
catheterised. After a baseline blood sample (400 pi) was taken, first heparin 
(1000 IU / kg) and then glucose (50 mg/lOOg) was rapidly loaded through the 
same catheter ( Davidson & Garvey, 1993). Further blood samples (400/ pi) 
were removed 3, 6 , 9, 12 and 15 minutes later. Blood samples were collected 
in microfuge tubes and centrifuged at 5,000 rpm for 10 min. The plasma 
samples were stored at -20° C till analysed for glucose and insulin levels.
Table 20. Glucose disappearance rate and Insulin area of trial rats as affected by 
3 subcutaneous injections of turpentine given at 48 h intervals.
Groups Trauma Control
Trial 1 Trial 2 Trial 1 Trial 2
Fasting glucose mMole/L 11.35 + 0.51 9.18 ± 1.03 9.90 ± 0.38 8.23 ± 0.38
Glucose disappearing 
rate K% /min. 3.97 ± 0.27 3.08 ± 0.13 4.16 ± 1.92 3.72 ± 0.33
Fasting Insulin pU/ml 28.35 ± 3.21 29.79 ± 2.45 21.15 ± 1.92 22.03 ± 2.23
Insulin Area under the 
curve at mm -15 758.73 ± 51.97 841.60 ± 87.53 530.57 ± 40.28 602.07 ± 39.57
Plasma samples were analysed for glucose concentrations by using a 
diagnostic kit (Boehringer Mannheim Diagnostica, Germany). Glucose 
disappearance rate and K-values were calculated as described by Davidson 
and Garvey, (1993). The results were plotted against time on semilogarthim 
paper. The best straight-line fit was obtained by the method of least squares, 
and the line extrapolated back to time 0. The rate of glucose disappearance
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(K-value) was derived from the following equation K (%/min) = 69 .3 /%  
where tVi is the time in minutes required for the glucose level from any value 
to fall to one-half of that value. Plasma insulin concentrations were measured 
by a radioimmunoassay kit (Coat-A-Count INSULIN) supplied by DPC (Los 
Angles, CA). Insulin area at 15 min was calculated by a computer statistics 
programme. The results of the pilot trial are shown in table 20.
The above study was carried out one more time to examine the 
reproducibility of glucose disappearance rate (K-value) and insulin area. In 
all pilot studies the animal conditions (age, weight, temperature, humidity 
and light cycle) and sampling patterns were similar to each other.
Table 21. Glucose disappearance rate and Insulin area, of trial rats at different 
intervals post-trauma, as affected by a single subcutaneous injection of turpentine 
(n=3).
Sampling time 0-hour
(control)
3-hours
Post-trauma
6-hours  
Post- trauma
12-hours  
Post- trauma
24-hours
Post-trauma
Fasting glucose 
(mMole/L)
10.17 ± 0.58 13.31 ± 0.92* 12.91 ± 0.73* 12.53 ± 0.81* 9.61 + 1.04
Glucose 
disappearance 
rate (K% /min)
5.32 ± 0.62 1.75 ± 0.18* 2.40 ± 0.34* 2.78 ± 0.47* 3.11 ± 0.14*
Fasting Insulin 
(n u/ml)
19.12 ± 2.74 27.23 ± 2.19* 29.85 + 4.73 30.77 ± 3.41* 23.19 ± 5.90
Insulin Area 
under the curve 
at min-15
631.44 ± 38.85 743.79 ± 48.48 804.36 ± 61.78* 916.84 ± 05.41* 903.75 ± 44.81*
P< 0.05 student’s t-Test ; compared to 0-hour.
Survival of animals through the sampling time and the reproducibility 
of results in these trials proved a limitation on repeated applications. 
Moreover, review of literature suggested that after this prolonged period of 
injury ( 144 h after first injection ) glucose clearance ought to stabilise
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because of body’s ability to adjust to sustained injury. In earlier experiments 
in this project, it was demonstrated that 24 h after each injection, body 
weights and food intakes of rats were altered markedly. So the mixed effects 
seen in these trials could be attributed to either sustained injury or to the 
latest insult of turpentine. It was, hence, decided to explore the possibility of 
a critical or a vulnerable point at which the effects were more pronounced, 
reproducible and free of above limitations. Hence, the effect of a single 
injection (0 . 2  ml / 1 0 0 g body weight) of turpentine on glucose tolerance was 
examined at 3 h, 6  h, 12 h and 24 h post-trauma. Animals were fasted 
overnight and operated exactly the same way as described above. Plasma 
samples were collected for glucose and insulin measurements. Glucose 
disappearance rate and K-values were calculated as described by Davidson 
and Garvey (1993). The insulin area under the curve was calculated as 
mentioned above. The results of these trials are given in table 21.
Experimental Design
After the trials, the reproducibility of the results indicated that 24 h 
post-trauma sampling for glucose tolerance would be optimal to demonstrate 
the effects of the different diets, if any, tested in the main experiment.
The experimental design is given in table 22. A total of 48 male Wistar 
rats of similar age group, weighing 240-260g were maintained under the 
standard conditions of temperature (23 ±1° C), humidity (50-55%) and light 
(12 h light and 12 h dark cycle). The rats were housed in separate cages (one
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rat/ cage) and fed regular rat chow and had free access to water.
Table 22. Experimental design
Dietary Treatment 
(10  % D ietary Fat)
Total No. 
Of Rats
Duration
(w eek s)
Sub Groups
Group n
Trauma 6
Corn oil (10 %) 12 5 control 6
Trauma 6
Olive Oil (10 %) 12 5 control 6
Trauma 6
Fish oil ( 5 % Fish oil +5 % Olive oil) 12 5 control 6
Trauma 6
Butter oil (10 %) 12 5 control 6
Composition of diets
After the adjustment period, the rats were divided into 4 groups (12 
rats each) and fed corn oil, olive oil, butter oil or fish oil diets for 5  weeks.
The composition of the diets is given in table 23. Diets were prepared every w&CK.
Table 23. Composition of the diets ( g / 100 g diet ).
Ingredients Corn Oil 
Diet
Olive Oil 
Diet
Fish Oil 
Diet
Butter Oil 
Diet
Casein 18 18 18 18
Corn Starch 28.5 28.5 28.5 28.5
S u crose 28.5 28.5 28.5 28.5
Cellulose 10 10 10 10
Corn Oil 10 — — —
Olive Oil — 10 5 —
Fish Oil — — 5 —
Butter Oil — — — 10
Standard Mineral 
and Vitamin Mix
5 5 5 5
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At the end of the 5 week feeding period, 6  rats from each diet group 
were randomly separated and turpentine (0 . 2  m l/1 0 0 g body weight) was 
subcutaneously injected in the dorso-lumber area. Collection of timed glucose 
samples for glucose tolerance measurements was performed exactly 24 hour 
after the turpentine injection. The other group of 6  rats in each dietary group 
served as controls.
Glucose tolerance tests
After an overnight fast, the rats were anaesthetised with urethane (20% 
w/v; 0.5ml/100g i.p.) and placed on a warming pad. The timed blood samples 
were collected (Davidson and Garvey, 1993), as described in^pilot study, 
centrifuged and the plasma samples were stored at -20° C till glucose and 
insulin measurements were carried out. After the collection of last timed 
sample (min-15) a sample of blood was drawn by cardiac puncture, 
centrifuged and plasma stored for measurement of albumin and zinc.
All the animals were sacrificed after the blood samples were drawn 
and dissected. Liver, heart, kidney, spleen and epididymal fat pads were 
excised and weighed. A portion of liver from each rat was obtained, and 
frozen immediately at -70° C for estimation of RNA, total protein, 
glutathione and malondialdehyde (MDA) concentrations. These parameters 
show marked alterations in injury and hence, were measured to confirm the 
inflammatory response as a result of turpentine injection. The methods 
followed to estimate RNA (Bregman, 1983), total protein (Lowry et al, 1951),
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zinc (Giugliano & Millward, 1984), glutathione (Sadlak & Lindsay, 1968) 
and MDA (Fong et al 1973) were same as described in part I of this thesis.
Statistical Analysis
The data obtained was processed statistically using one way and two 
way analysis of variance with post-hoc testing performed by Duncan’s Test. 
Student’s t-test was also employed in trial data . P values less than 0.05 were 
considered as significant.
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R E S U L T S  AND D IS C U S S IO N
Food intakes and growth
Consumption o f corn oil, olive oil, butter oil or fish oil (5% fish oil + 
5% olive oil), 10% fat diets resulted in a steady grow th o f animals in all the 
dietary groups (Fig. 24 - a). Food intakes (Fig. 24 - b) of olive oil diet fed 
rats were higher (P<0.05) while intakes o f fish oil diet were lower. The 
growth curves o f animals did not differ significantly although the different 
intakes were reflected in slightly different relative rates o f grow th in 
individual dietary groups.
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Fig. 24 (a) Body weights and (b) food intakes of animals as affected by feeding 10% of 
corn oil, olive oil, butter oil or fish oil (5% fish oil + 5% olive oil) diets over a 5 weeks period.
a , b , c , d  P <  0 .0 5  a V s  corn oil, bV s  o live oil, cV s  butter oil an d  d V s  fish oil diets (n = 1 2  in eac h  group).
We have reported food intake patterns and body weight gain 
trends o f animals consuming these diets, in part I o f this thesis. Although the 
overall effect is similar, yet some o f the differences were more prominent 
compared to present study. Two factors could have contributed to such
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differences, a) the age of the rats, b) the level of fat in the diets. In our earlier 
experiments weanling rats were fed a 20% fat diet which resulted in much 
faster growth and the effects of the diets were clearly visible. Adult rats in the 
present study grew at a relatively slower rate with no difference among dietary 
groups.
Organ weights
As far as the effect of the dietary fat on the organ weights prior to trauma , 
the only influences were observed in fat pad mass. Thus in controls fish oil and 
corn oil fed rats had significantly lower fat pad sizes compared to olive oil and 
butter oil fed animals. Mean organ weights expressed as g / 100g body weight of 
animals were not markedly affected 24 h after a single injection of turpentine 
(Table 24). Kidney weights remained unaltered in trauma and spleen weights 
were slightly lower except in fish oil fed rats where it increased following 
trauma. Heart weights did not change in olive oil or butter oil fed rats. Fish oil 
and corn oil fed animals exhibited increases (P<0.05) in mean heart weights. 
Mean liver weights remained unaltered in fish oil and butter oil fed rats while 
corn oil and olive oil groups showed significant (P<0.05) liver enlargements. The 
epididymal fat pad sizes were unaffected by the less extended model of injury 
employed in this study.
Earlier results in sustained injury with 3 serial injections of turpentine given 
at 48 h intervals, liver, spleen and kidney weights exhibited marked alterations 
among dietary groups. Clearly the influence of the level of dietary fat and the 
severity of injury seem to determine the changes that occur at organ level.
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Table 
24. 
M
ean 
organ 
weights 
(g/100 
body 
w
eight) 
of 
rats 
traum
atized 
with 
a 
subcutaneous 
injection 
of 
turpentine 
on 
the 
m
idline 
below 
the 
neck, as 
affected 
by 
5 
weeks 
of 
dietary 
treatm
ent with 
corn 
oil, olive 
oil, butter 
oil or fish 
oil. D
ata 
are 
Mean 
± 
S.E. of 
6 
rats 
in 
each 
group.
Metabolic responses to turpentine induced injury
Measurements of circulating and liver protein concentrations, RNA 
content in liver, hepatic RNA / total protein ratio were made to assess the 
altered protein metabolism in injured rats. Shifts in serum and liver zinc 
concentrations were also estimated. Oxidative stress in liver as indicated by 
liver glutathione and malondialdehyde concentrations, was also measured. 
These parameters constitute some of the metabolic indicators of tissue
f
damage and have almost come to be known as markers of inflammation. 
This was observed in our earlier experiments and is also supported by 
experimental studies in various types of inflammations. The altered 
protein and zinc metabolism confirms the onset of acute phase response 
following injury in the present study.
Mean serum albumin levels were not affected in uninjured rats 
(Fig.25). Among uninjured controls the butter oil fed rats had slightly higher 
liver protein content than other dietary groups which reached significant 
(P<0.05) levels against fish oil uninjured rats only. In contrast, induction of 
trauma resulted in a fall in serum albumin levels (P<0.05) in all dietary 
groups compared to controls, except in fish oil fed rats. Mean hepatic total 
protein content also decreased but the decrease was significant (P<0.05) in 
corn oil fed rats only.
The effect of dietary fat on RNA concentrations was visible among 
non-trauma groups (Fig. 26). Fish oil fed uninjured rats had higher(P<0.05)
137
§.
I
-Q
CD
E
§
</)
40 r
35
30
21/
17'
14
11
8
5
I
corn oil corn oil olive oil olive oil butter oil butter oil fish oil
trauma trauma trauma
fish oil 
trauma
k # # #  S e ru m  Album in  
( g / L )
L iver To ta l protein  
(m g  / 1 0 0  m g)
D i e t s  a n d  t r e a t m e n t s
Fig . 25 Serum albumin levels (g/ L) and liver total protein content (mg/100mg) of rats fed 
10% corn oil, olive oil, butter oil or fish oil (5% fish oil + 5% olive oil ) diets over a period of 5 
weeks. Six rats in each dietary group were traumatized with a single injection of turpentine on 
the midline below the neck. Other 6 rats in each dietary group served as non-trauma controls.
*  P <  0 .0 5 , tra u m a groups V s  respective controls.
a ,b , c ,  d p <  o . 0 5  non tra u m a d ietary groups co m p ared  w ith eac h  o th e r a V s  corn oil, b olive o i l , c butter oil and d fish oil 
diets.
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F ig  26. Mean live r RNA concentrations (pg /100m g) and RNA / to ta l prote in ratio 
in live r o f rats fed 10% corn o il, o live  oil, bu tter o il or fish oil (5% fish oil + 5% 
o live  o il) d iets over a period o f 5 weeks. S ix rats in each d ie tary group were 
traum atized w ith a single in jection  of tu rpen tine  on the m id line  below the neck. 
O ther 6 rats in each d ie tary group served as non-traum a contro ls.
* R < 0 .0 5 , traum a groups Vs respective controls.
a.b.c.d q Q5  non traum a dietary groups com pared with each other, a V s corn oil, b olive oil, c butter oil 
and d fish oil diet.
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RNA concentrations in liver than corn oil, olive oil or butter oil fed uninjured 
rats. Trauma resulted in increased (P<0.05) mean liver RNA concentrations 
in all the dietary groups except in the fish oil diet, which resisted any change 
in RNA levels after injury , compared to respective uninjured controls.
The RNA / protein ratio was affected by diets in uninjured rats with 
higher (P<0.05) values in fish oil group compared to butter oil and olive oil 
fed rats (Fig. 26). Corn oil fed rats had higher (P<0.05) RNA/ protein ratio 
compared to butter oil fed rats without injury. The ratio of RNA to protein 
content in liver was significantly increased in corn oil trauma rats compared 
to their controls. In other diets the values were higher in trauma compared to 
controls but not significantly.
In the uninjured control rats corn oil feeding resulted in higher serum 
zinc levels compared to olive oil, butter oil or fish oil fed rats without injury 
(Fig. 27). Mean serum zinc levels decreased markedly (P<0.001) and 
increased (P<0.001) proportionately in liver of traumatised corn oil fed rats 
as compared to controls. Injury resulted in a similar increase in liver zinc of 
olive oil and butter oil fed rats. Fish oil fed rats blunted this shift and resisted 
any alterations in either serum or liver zinc concentrations.
Oxidative stress in liver measured as mean increase in 
malondialdehyde (MDA) and decrease in glutathione concentrations (Fig. 
28) in liver tissue exhibited the effect of turpentine induced inflammation in 
all the dietary groups. Corn oil and butter oil fed rats had markedly higher
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F ig  27 .  Serum zinc levels (jig / 100 ml) and liver zinc content (x2 jag /100g) of rats 
fed 10% corn oil, olive oil, butter oil or fish oil (5% fish oil + 5% olive oil) diets over 
a period of 5 weeks. Six rats in each dietary group were traumatized with a single 
injection of turpentine on the midline below the neck. Other 6 rats in each dietary 
group served as non-trauma controls.
* P O .0 5 ,  ** P < 0 .0 1 , * **  P 0 .0 0 1  traum a groups V s respective controls.
a.b.c.d p < g 0 5  non traum a d ietary groups com pared with each other, a V s corn oil, b olive oil, c butter oil 
and d fish oil diet. 4
1 .2 ,3,4 p < o o s  traum a dietary groups com pared with each other, V s  corn oil, olive oil, butter oil and  
fish oil diet.
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F ig  28 .  Mean liver MDA (x20 nMole/g) and glutathione concentrations (pMole/g) 
of rats fed 10% corn oil, olive oil, butter oil or fish oil (5% fish oil + 5% olive oil) 
diets over a period of 5 weeks. Six rats in each dietary group were traumatized with 
a single injection of turpentine on the midline below the neck. Other 6 rats in each 
dietary group served as non-trauma controls.
* P < 0 .0 5 , ** P <0.01 traum a groups V s respective controls.
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(P<0.01) MDA and lower (P<0.05) glutathione concentrations in liver after 
trauma compared to their uninjured controls. MDA concentrations were also, 
to a lesser extent, higher (P<0.05) in olive oil and fish oil fed rats following 
trauma, while glutathione concentrations were unchanged in both groups 
compared to their respective controls.
All the metabolic alterations observed in this study confirm a 
successful induction of inflammation as a result of single injection of 
turpentine (0.2 ml/lOOg body weight) in rats fed a 10% fat diet varied in 
quality. A magnification of these effects was observed in our earlier 
experiments where both, the level of fat was two- fold and, the severity of 
trauma was extended by 3 serial injections of turpentine given at 48 h 
intervals. While the sustained injury magnified the metabolic responses to 
trauma, the higher fat level in diets fine-tuned the influences of the quality of 
dietary fat in these metabolic responses to trauma.
As was expected serum albumin levels and liver protein content 
decreased as a result of trauma in all dietary groups with exception of fish oil 
fed rats. The latter group also resisted changes in RNA and RNA/ total 
protein ratio unlike the other diets fed. In the earlier experiments, corn oil fed 
rats showed maximum shifts in serum zinc and highest increases in liver zinc 
concentrations following trauma compared to other diets. Similar results in 
the present study confirm a maximum acute-phase response in corn oil fed 
rats after injury. Fish oil fed rats, as was expected, blunted such a shift of
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zinc in this experiment as well. Oxidative stress in liver tissue was suppressed 
by the fish oil and olive oil diets as could be predicted from the outcome of 
the earlier experiments.
Glucose tolerance and insulin sensitivity
Mean fasting serum glucose levels remained unaffected by either the 
diet or trauma 24 h after the single injection o f  turpentine in rats (Fig. 29) 
although mean values were higher in all groups (Table 25). However, fasting 
insulin levels increased (P<0.05) as a result o f  trauma. Fish oil fed rats had
]  Glucose 
(mMole / L)
1 Insulin 
" O U /  ml)
corn oil corn oil olive oil olive oil butter oil butter oil fish oil fish oil
traum a traum a traum a traum a
D i e t s  and T r e a t m e n t s
Fig. 29. Fast ing  Ser um g l u c o s e  (mMole  / L) and insulin l eve l s  O U  /  ml) of rats fed 10%  
corn oil, o l i ve  oil, butter oil or f ish oil (5% fish oil + 5% ol i ve  oil) d iet s  over  a  period of  5 
w ee k s .  Six rats in ea ch  dietary group were  t raumati zed  with a  s ing l e  injection of  turpentine  
on the  midl ine be low  the  neck.  Other 6 rats in ea c h  dietary group served  a s  non- t rauma  
control s .
* P < 0 .0 5 , traum a groups Vs respective controls. b
a'b o d p<  0 .0 5  non traum a dietary groups com pared with each other, a V s corn oil, olive oil,
0 butter oil and d fish oil diet.
the lowest mean serum fasting insulin levels among trauma as well as 
uninjured dietary groups. But the increase reached significant levels 
compared to butter oil fed uninjured rats only.
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Fig. 30. Glucose tolerance curves 24 h after induction of clinical trauma at minutes 
0, 3, 6, 9, 12 and 15 of rats fed (10%) corn oil (CO), olive oil (OO), butter oil (BO) 
or fish oil (FO) diets for a period of 5 weeks. Data are Mean ± B E.
Table 25. Serum glucose concentrations (data of above curves) 24 h after 
induction of clinical trauma at minutes 0, 3, 6, 9, 12 and 15 of rats. After the first 
base-line sample a glucose load of 50 mg / 100 g body weight i.v. was given. Data 
are Mean ± B E. of 6 rats in each gorup.
Dietary
Groups
0-min 3-min 6-min 9-min 12-min 15-min
C o rn
oil
tra u m a 9 . 7 8  ± 0 . 4 7 2 0 . 9 0  ±  0 . 2 7 1 9 . 2 6  ± 0 . 2 6 1 7 . 9 9  ± 0 . 2 6 1 7 .0 1  ± 0 . 2 9 1 5 . 8 4  ± 0 . 4 0
co n tro l 9 . 0 2  ±  0 . 3 0 2 1 . 0 6  ± 0 . 9 8 1 8 . 7 3  ± 0 . 8 3 1 6 . 8 0  ± 0 . 7 1 1 5 . 2 0  ± 0 . 5 7 1 3 . 6 9  ± 0 . 4 9
O liv e
oil
tra u m a 1 0 .0 1  ± 0 . 7 5 2 1 . 0 0  ± 0 . 3 1 1 8 . 9 5  ± 0 . 3 1 1 7 . 5 9  ± 0 . 2 5 1 5 . 9 8  ±  0 . 2 3 1 4 . 7 2  ± 0 . 3 6
co n tro l 9 . 6 3  ±  0 . 5 0 2 2 .1 1  ± 0 . 4 3 1 9 . 3 8  ± 0 . 4 9 1 7 .2 1  ± 0 . 5 3 1 5 . 3 5  ± 0 . 4 6 1 3 . 6 1 ±  0 . 4 7
B u tte r
oil
tra u m a 9 . 9 5  ± 0 . 2 7 1 9 . 9 2  ±  0 . 6 9 1 8 . 4 8  ±  0 . 5 9 1 7 . 3 4  ± 0 . 6 1 1 6 . 4 5  ± 0 . 6 2 1 5 . 1 9  ± 0 . 7 5
co n tro l 9 . 1 3  ± 0 . 4 1 1 9 . 8 4  ± 0 . 3 7 1 8 . 2 5  ± 0 . 3 4 1 6 . 5 8  ± 0 . 2 1 1 5 .3 1  ±  0 . 1 4 1 3 .9 1  ±  0 . 1 8
F ish
oil
tra u m a 1 0 . 4 7  ± 0 . 3 8 1 9 .7 1  ± 0 . 1 9 1 8 . 0 7  ± 0 . 3 5 1 6 . 5 3  ±  0 . 4 9 1 5 . 1 4  ±  0 . 6 3 1 4 . 0 7  ± 0 . 7 6
co n tro l 9 . 5 2  ± 0 . 1 9 1 9 .3 1  ± 0 . 6 9 1 7 . 1 8  ± 0 . 7 8 1 5 . 3 9  ± 0 . 8 1 1 3 . 7 7  ± 0 . 8 7 1 2 . 0 8  ±  0 . 9 4
23
19
16
12
9
15129630
M i n u t e s
143
Glucose tolerance curves 24 h post trauma exhibited a glucose peak at 
3-min after the i.v. glucose load (50 mg/ 100g body weight) in all dietary 
groups with and without injury (Fig. 30 & Table 25). Among injured groups 
olive oil fed rats reached the highest value (21.0 ± 0.31) mMole/ L) followed 
by corn oil (20.9 ± 0.27 mMole/L) and butter oil (19.9 ± 0.69 mMole/L). 
Fish oil trauma group had the lowest values of 19.71 ± 0.19 mMole/L among 
trauma groups. A similar trend in peak values of glucose was observed in 
uninjured rats on all the four diets
The decay of glucose started after minute-3 and the values declined 
steadily till the minute-15 (the last sample) in all diets with and without 
trauma. At min-15 glucose levels of uninjured fish oil fed rats declined to the 
lowest value of 12.08 ± 0.94 mMole/L among the non-trauma dietary groups. 
While fish oil fed trauma group fell to the lowest glucose concentrations of 
14.07 ± 0.76 mMole/L among trauma groups fed the four dietary fats.
Mean serum insulin concentrations increased exponentially 3 minutes
after the i.v. glucose load in all the trauma and non-trauma groups (Fig 31 &
Table 26). Butter oil fed trauma group insulin levels kept rising steadily after
min-3 till min-9 and then increased very sharply. Fish oil and olive oil fed
trauma group rats had very slight increas^in insulin concentrations after min- 
-iM-
3 till min-9. Only/corn oil fed trauma group insulin levels fell after min-3 till 
min-6 and then rose till end. All the dietary groups showed marked increases 
in insulin levels after min-9 and kept rising till the end. Butter oil fed injured
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Fig. 31. Serum insulin levels 24 h alter induction ol clinical trauma at minutes 0, 3, 6, 
9, 12 and 15 of rats fed (10%) corn oil (CO), olive oil (OO), butter oil (BO) or fish oil 
(FO) diets for a period of 5 weeks.
Table 26. Plasma Insulin concentrations (data of above curves) 24 h after 
induction of clinical trauma at minutes 0, 3, 6, 9, 12 and 15 of rats. After the first 
base-line sample a glucose load of 50 mg / 100 g body weight i.v. was given. Data 
are Mean ± S.E. of 6 rats in each gorup.
Dietary
G r o u n s
0-min 3-min 6-min 9-min 12-min 15-min
Corn oil
trauma 31.48 ± 1.24 94.99 ± 3.38 85.22 ± 3.19 111.31 ± 5.43 139.08 ± 4.48 172.38 ± 3.98
control 21.03 ± 0.80 69.31 ± 3.56 64.99 ± 4.11 80.39 ± 6.33 104.67 + 5.49 139.05 + 5.61
Olive oil
trauma 35.06 ± 3.91 78.09 + 5.31 80.94 ± 3.09 98.43 ± 6.76 121.57 + 2.91 146.05 ± 3.47
control 20.59 ± 1.39 64.99 ± 4.73 54.76 ± 4.43 65.64 ± 5.78 85.77 ± 7.16 108.25 ± 7.58
Butter
oil
trauma 33.40 ± 3.76 101.40 ± 5.93 117.43 ± 13.6 138.42 ± 8.60 193.72 ± 8.04 236.41 ± 8.23
control 25.67 ± 1.92 73.88 ± 5.22 66.43 ± 5.61 73.02 ± 9.66 105.84 ± 7.92 145.68 ± 5.40
Fish oil
trauma 28.95 ± 1.06 73.19 ± 5.67 80.94 ± 6.27 87.09 ±13.72 121.4 ± 17.45 143.47 ± 16.01
control 16.35 ± 2.03 57.89 ± 3.47 57.67 ± 4.02 58.88 ± 4.42 76.17 ± 5.86 95.07 ± 6.82
p
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rats exhibited the highest values of insulin in serum at min-15 followed by 
corn oil. Fish oil and olive oil fed trauma rats had similar insulin levels at 
min-15 and were approximately 62% and 84% of the insulin concentrations 
observed in butter oil and corn oil fed trauma groups, respectively. Uninjured 
rats fed corn oil, olive oil or butter oil showed a decrease in insulin levels 
after min - 3 and then increased till end. Fish oil fed non-trauma rats 
demonstrated no change in insulin levels between min-3 to min-9 and then 
rose till end. Among non-trauma groups butter oil and corn oil had similar 
insulin concentrations at min-15 whilst fish oil had the lowest insulin 
concentrations at that point. Olive oil fed rats had slightly higher insulin 
levels at min-15 than fish oil group.
Induction of inflammation by a single injection of turpentine 
subcutaneously resulted in markedly decreased rates of glucose disappearance 
(K%/ min) in all groups but the responses were only significant in corn oil and 
olive oil (P<0.05) fed rats compared to their respective controls (Table 27). 
The fish oil and olive oil fed rats had relatively higher K values than the corn 
oil and butter oil fed injured rats.
Among the uninjured dietary groups, fish oil and olive oil groups 
were the most glucose tolerant with the highest rate of glucose 
disappearance (K% / min). The butter oil group was the least glucose 
tolerant with the slowest rate among the groups, i.e., significantly lower 
K values (P<0.05) compared to either the fish oil or olive oil diet group 
rats.
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Table 27 Glucose disappearance rate and Insulin area as affected by 5 weeks 
dietary treatment with 10% corn oil, olive oil, butter oil or fish oil diets in rats, 24 h 
after induction of clinical trauma. Data are Mean ± S.E. of 6 rats in each group.
Dietary Groups T % of g lu co se  
(min)
G lu cose d isap p earan ce  
rate (K% / min)
Insulin area under 
the curve at min-15
Corn oil
trauma 35.01 ± 4.62 2.16 + 0.28* 1427.98 ± 36.38**
control 20.98 ± 1.77 3.44 ± 0.34 1086.76 ± 54.67 b
Olive oil
trauma 26.72 ± 3.50 2.84 ± 0.41* 1248.67 ± 34.05**3
control 18.00 ± 1.43 3.96 ± 0.29= 886.58 ± 50.28 ac
Butter oil
trauma 34.31 ± 3.90 2.16 ± 0.26 1905.83 ± 81.63**2’4
control 24.09 + 2.38 2.97 ± 0.24db 1092.02 ± 69.12bd
Fish oil
trauma 26.90 ± 4.0.0 2.86 ± 0.39 1206.55 ± 145.62*3
control 18.34 ± 2.38 4.04 ± 0.41 = 803.00 ± 48.24=
*P < 0.05 , ** P< 0.01 ; Vs respective controls.
a.D.c.d p< o.05 non trauma dietary groups compared with each other, a Vs corn oil, b olive oil, c butter 
oil and d fish oil diet.
1’2,3,4 P< 0.05 trauma dietary groups compared with each other, 1 Vs corn oil, 2 olive oil, 3 butter oil 
and 4 fish oil diet.
The mean insulin area under the curve (AUC) at min-15 was markedly 
increased : by 31%, 40%, 50% and 75% in the corn oil, olive oil, fish oil and 
butter oil groups respectively, significant increases in all cases. Thus the 
butter oil group response was twice that of the fish oil groups showing a clear 
effect of diet. In the uninjured rats the insulin area was highest in butter oil 
and corn oil and least in the fish oil fed rats.
The ratio of plasma insulin to glucose concentrations has been used 
to compute the insulinogenic index or an index of p-cell response to 
changing glucose stimulus (Seltzer et al., 1967). Among fasting normal rats, 
fish oil fed animals had the lowest circulating insulin to glucose ratio 
(Fig.32 & Table 28) compared to butter oil (67% lower, P<0.001), corn oil
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Figure 32. Insulinogenic index (Insulin / glucose ratio) of normal and injured rats (24 h after 
induction of clinical trauma) at minutes 0, 3, 6, 9, 12 and 15 of rats fed (10%) corn oil , olive oil, 
butter oil or fish oil diets for a period of 5 weeks. Data was calculated from the timed samples of 
serum glucose and insulin levels.
Table 28. Insulinogenic index (Insulin / glucose ratio) of normal and injured rats (24 h after 
induction of clinical trauma) at minutes 0, 3, 6, 9, 12 and 15 of rats (data of above curves). After 
the first base-line sample a glucose load of 50 mg / 100g body weight i.v. was given. Data are 
Mean ± S.E. of 6 rats in each group.
Dietary groups 0 -min 3-min 6-min 9-min 12-m in 15-min
Corn
Oil
trauma 3 .2 4 + 0 .1 8  *’ *4+ 4.53 + 0.11 4.41 + 0.11 6.18 ± 0.29 8.19 + 0.34 10.92 + 0.34 2+’ 3
control 2.34 ± 0.12 d+ 3.35 ± 0.32 3.5 ± 0.28 4.82 ± 0.43 7.3 ± 0.74 10.25 ± 0.68 d+
Olive
Oil
trauma 3.57 ± 0.45 ***4+ 3.78 ± 0.29 4.21 + 0.19 5.62 ± 0.44 7.6 + 0.27 9.93 ± 0.38 **1+’ 3+
control 2.14 + 0.12 d 2.95 ± 0.25 2.83 ± 0.26 3.87 ±  0.45 5.65 ± 0.57 8.03 ± 0.62 c
Butter
Oil
traum a 3 .3 4 +  0.36 *4 5.03 + 0.26 6.38 ± 0.79 8.0 ± 0.6 11.88 ± 0.81 14 .0 6 +  1.92 **1’ 2+’ 4
control 2.82 ± 0.2 d+ 3.74 + 0.32 3.66 + 0.37 4.41 + 0.63 6.88 ±  0.54 10.47 + 0.53 d+,b
Fish
Oil
trauma 2.78 + 0.16 ***2+- +’3 3.71 + 0.3 4.49 + 0.4 5.53 ± 0.95 8.22 + 1.41 10.43 + 1.49 *3
control 1.69 ± 0.19 a+’b,c+ 2.96 ± 0.12 3.36 + 0.27 3.83 + 0.34 5.52 + 0.35 7.9 ± 0.38 a+'c+
*P < 0 .0 5  ,** P< 0.01 ,*** P<0.001 ; Vs respective controls.
a.h.c.d p < q non traum a dietary groups com pared with each other, a Vs corn oil, b olive oil, 0 butter oil 
and d fish oil diet; superscrip ts followed by + are P< 0 .001 .
1'2'3>4 p<  0.01 traum a dietary groups com pared with each other, 1 V s corn oil, 2 olive oil, 3 butter oil and 4 
fish oil diet; superscrip ts followed by + are P< 0 .001 .
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(38%, P<0.001) and olive oil fed rats (27%, PO .O l). However, 15 min after 
the glucose load butter oil and corn oil fed rats exhibited similar responses 
(33% and 30% higher than fish oil group, PO.OOl) while the responses in 
olive oil group rats were same as that of the fish oil group. After injury the 
insulin / glucose ratio in fasted animals increased significantly in all the 
dietary groups. But the increases were marked (PO.OOl) only in the olive oil 
group (66%) and fish oil group rats (64%) compared to respective controls. 
Less prominent increases in insulin / glucose ratio were observed in corn oil 
(38%, PO .O l) and butter oil (18%, P< 0.05) fed rats. At min-15 after the 
glucose load the insulinogenic index was significantly higher in all dietary 
groups with the exception of the corn oil group compared to respective 
controls. The least increase in this index was observed in the corn oil group 
(7%) while the fish oil (32%) and butter oil (34%) fed animals exhibited 
similar responses following injury.
Fasting glucose levels in the present study were neither affected by 
trauma nor by the diets fed. Hence turpentine induced inflammation also 
reproduced the effects of other forms of experimental inflammation models 
on fasting glucose in rats. Fasting glucose levels remained unaltered in sepsis 
(Ardawi et al, 1990), endotoxemia (Jepson et al, 1986), and IL- la-treated rats 
( Ling et al, 1993). Keeping in mind that fasting insulin levels were increased 
in all the dietary groups following trauma, the glucose levels were unchanged 
indicating an insulin resistance. This is supported by experimental studies in 
other induced inflammatory responses (Ardawi et al, 1990; Jepson et al,
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1986; Ling et al, 1993) .
The extent to which the insulin resistance and impaired glucose 
tolerance will reduce overall rates of glucose consumption during the trauma 
is not immediately obvious given that non-insulin mediated uptake is 
substantial. Indeed Mizock (1995) in a recent review focused on findings 
related to an enhanced peripheral glucose uptake during stress and outlined 
several characteristics of this phenomenon. Its important features are that, it 
is largely non-insulin mediated; it results from an enhanced rate of glucose 
utilisation by tissues rich in macrophages such as spleen, ileum, liver and 
lung; it persists even during hypoglycaemia ; and in contrast to the basal state 
, non-insulin mediated glucose uptake in severe infection or injury is 
minimally enhanced by hyperglycaemia, possibly because stress increases 
glucose uptake to near maximal levels.
In the present study, diet as well as trauma exerted its influence on 
glucose tolerance following a glucose i.v. load ( 50 mg/lOOg ). Glucose 
tolerance was impaired in trauma considerably compared to controls. With 
butter oil even though the intolerance was visible in uninjured rats it was 
markedly worsened by trauma. Saturated fatty acid rich diets are known to 
cause impaired glucose tolerance and increased insulin resistance compared 
to polyunsaturated fatty acids( Pan et al, 1994 ). Feeding period and the level 
of fat has also been reported to influence the glucose tolerance in rats. 
Feeding a 40% corn oil diet caused a lower rate of glucose disappearance in
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rats compared to a glucose diet or a chow diet (Ramirez et al, 1990). Whilst a 
longer feeding period resulted in a gradual deterioration of glucose tolerance 
in rats consuming 30% corn oil ( Wiersma et al, 1993 ).
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Fig. 33. Insulin sensitivity index as expressed by the ratio of insulin area under 
the curve to glucose disappearance rate ( AUC / K ) of rats fed 10% corn oil, olive 
oil, butter oil or fish oil ( 5% fish oil + 5% olive oil) diets and traumatised by a 
single injection of turpentine. Data were calculated from 6 rats in each group.
*P < 0.05 , ** P< 0.01, *** P<0.001 ; Vs respective controls.
a.h.c.d p< o.oi non trauma dietary groups compared with each other, a Vs corn oil, b olive oil, 0 butter oil
and d fish oil diet; superscripts followed by + are P< 0.001.
1.2,3,4 p< 0  0 1  trauma dietary groups compared with each other, 1 Vs corn oil, 2 olive oil, 3 butter oil and 4 
fish oil diet; superscripts followed by + are P< 0.001.
In IL-lct induced inflammation in rats, both glucose and insulin levels 
increased from the base line values after feeding soybean oil. Whereas feeding 
fish oil attenuated this effect (Ling et al, 1993). In the present studies K 
values in fish oil group after trauma were also least affected especially 
compared with corn oil and butter oil diets. In the uninjured fish oil fed rats 
the glucose disappearance rate was also highest among the groups. Taken 
together, this data suggests that glucose clearance and insulin sensitivity is 
clearly influenced by the fatty acid composition of the diets in normal rats.
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One possible mechanism is that in trauma the fatty acids in the diet would 
influence membrane long chain polyunsaturated fatty acids and consequent 
reactivity of the eicosanoids formed which in turn would affect the sensitivity 
of insulin and glucose uptake, to the extent that these compounds participate 
in the regulation of insulin action and glucose uptake.
The insulin area under the curve, in the present study, also supports 
this hypothesis. An overall insulin resistance was observed in traumatised 
rats on all diets but the effects of diet in minimising this effect were 
prominent in fish oil and olive oil fed rats after injury. The two diets had 
higher insulin sensitivity than either the butter oil or corn oil fed rats after 
inflammation with ratios of insulin area under the curve to glucose 
disappearance rate (AUC/ K) of 440, 484, 929 and 718 for fish oil, olive oil, 
butter oil and corn oil, respectively (Fig. 33). A significant correlation was 
found between phospholipid content ( with n-3 PUT A ) and insulin action in 
rat skeletal muscle by Storlien and co-workers (1991). This was attributed to 
incorporation of long chain n-3 polyunsaturated fatty acids (EPA and DHA) 
into skeletal muscle phospholipids of rats.
Both butter oil and corn oil lack these 20 and 22-carbon fatty acids 
which may explain decreased insulin sensitivity in these two groups. On the 
other hand, olive oil has been reported to improve insulin response, and its 
role in glycémie control has been suggested possibly because of its effect on 
lipoprotein metabolism (Garg et al, 1988; Amelsvoort et al, 1988).
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Eicosanoids derived from precursor polyunsaturated fatty acids may 
act as second messengers influencing the action of insulin. Dietary n-6 and n- 
3 PUFA are subject to microsomal elongase and desaturase activity which 
determine availability of individual PUFA for incorporation in to 
membranes. Subsequent eicosanoid metabolism has been suggested to 
influence insulin action in humans (Borkman et al, 1993) and animals 
(Storlien et al, 1991), however, only a portion of these may be involved in 
insulin mediated glucose disposal. These include the plasma membranes, 
where the action of insulin is initiated, and microsomes which exchange 
glucose transporters with the plasma membrane.
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S U M M A R Y
Experimental and clinical Studies provide ample evidence that 
metabolic responses are modulated as a result of trauma. Alterations in 
protein and amino acid metabolism, acute-phase response, autocrine and 
paracrine actions of cytokines and their effects on endocrine function, 
hypermetabolism and provision of nutrients for the activated immune 
system, all have been studied employing several models of inflammatory 
response. Oxidative stress and altered zinc metabolism has also been 
established in conditions of stress and injury. The diversity of results 
points to individual influences of various models of inflammation.
Epidemiological studies have suggested a lower incidence of 
inflammatory disorders in Greenland Eskimos and in the M editerranean 
populations. This has been attributed to the consumption of high fat fish 
and fish oil by the Eskimos and to the presence of abundant olive oil in 
M editerranean diets. Substantial evidence exists for the influence of 
dietary fat on the membrane phospholipid composition and the 
subsequent effect on eicosanoid metabolism. The mechanisms of 
eicosanoid derivations from precursor fatty acids are well established. 
Eicosanoids of n-6 PUFA origin have been shown to aggravate the 
inflammatory response while those from n-3 PUFA are reported to have 
suppressive effects on inflammation.
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The studies described here, involving an experimental model of 
sustained injury examined the relative effects of dietary fat quality on 
the metabolic responses to this extended model of injury. The dietary 
fats included corn oil (n-6 polyunsaturated fat), olive oil 
(monounsaturated fat), butter oil (saturated fat) and fish oil (n-3 
polyunsaturated fat). Since in practice fish oil is never consumed as the 
sole source of fat in the diet, in these studies it was investigated as part 
of a MUFA - (n-3) PUFA (4:1) mixture.
After the dietary model was established with weanling rats fed these fats 
at 20% level over a 6-week period trauma was induced by 3 serial 
subcutaneous injections of turpentine at 48 h intervals, two laterally in 
the dorso-lumber region and the third one on the midline below the neck. 
Post-trauma body weights and food intakes were measured. Animals 
were sacrificed 48 h after the last injection following an overnight 
fast. -, The effects of dietary fats on body composition, shifts in serum, 
liver and muscle proteins, RNA content in liver and muscle, alterations 
in hepatic and circulating zinc, fasting glucose and insulin levels, 
muscle and serum glutamine concentrations and oxidative stress in liver 
and skeletal muscle were examined. After these studies the inquiry was 
extended to examine the influence of dietary fat quality in a less 
extended model of injury with a single subcutaneous injection of 
turpentine, at a lower level (10% dietary fat) on glucose tolerance and 
insulin sensitivity in the rat.
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In an initial study to establish the acceptability of the 20% fat
diets and the induction of trauma, the dietary treatment involved n-6
PUFA, MUFA and n-3 PUFA / MUFA (1:4) mix fed at 20% level for 6
weeks. MUFA/ n-3 diets reduced the protein concentration in liver and
muscle compared to MUFA or n-6 PUFA diets. RNA concentrations were
increased more than other diets in the n-3 group rats but the effects of
trauma on RNA concentrations were less obvious in this group than the
n-6 group rats . Serum glutamine was higher in n-3 and MUFA diets
"The
compared to n-6 PUFA group./Shift of zinc into liver was highest in n-6 
PUFA and least affected in n-3 fat diets. Animals on n-3 diet were under 
less oxidative stress compared to n-6 group. MUFA diet exhibited an 
intermediate response. Fasting glucose and insulin levels were 
unchanged.
In the next study with an additional dietary fat, butter oil
(saturated fat), at 20% level for 6 weeks confirmed the results of the 3
diets tested earlier. MUFA and saturated fatty acid (SFA) diets exerted
anorexic effects post-trauma more than n-3 or n-6 PUFA diets. Liver
groups
enlargements were marked in/n-3 fat compared to animals fed other fat. 
Epididymal fat pad size was unaffected in n-3 fat whilst MUFA and n-6 
PUFA diets showed marked decreases in fat pad size. Circulating protein 
concentrations were reduced in MUFA / n-3 PUFA diets compared to 
other dietary fats. Saturated fat exhibited similar effect as that of 
MUFA on serum proteins while n-6 PUFA had a lesser effect on protein
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shift after trauma.
Liver protein concentrations remained unaltered with exception of
SFA diet after trauma while skeletal muscle showed marked protein
catabolism in all groups. Total liver and skeletal muscle protein mass
live.
decreased in all but^/SFA diet. Feeding the MUFA/ n-3 PUFA diet 
resulted in marked elevations in RNA concentrations compared to n-6 
PUFA, SFA or MUFA diets but the increase was less marked than other 
groups following trauma. Circulating and skeletal muscle glutamine 
levels fell markedly in MUFA while MUFA/ n-3 PUFA diet resisted any 
change in glutamine levels. A marked shift of circulating zinc into liver 
was observed in n-6 PUFA diet. MUFA/ n-3 PUFA diets blunted this 
shift. No significant alterations were observed in fasting glucose and 
insulin levels. Oxidative stress as indicated by glutathione and 
malondialdehyde levels in liver and skeletal muscle was markedly higher 
in n-6 PUFA diet and the least in MUFA /n-3 PUFA diets while MUFA 
responses were more towards n-3 group rather than n-6 group. Fatty acid 
profiles of the liver membranes generally reflected dietary fatty acid 
profile with evidence of substitution of n-9, n-3 and n-6 fatty acids 
proportionate to their levels in the diet. Saturated fatty acids content was 
highest in SFA fed rat membranes. The ratio of n-6/n-3 was highest in n- 
6 group and the lowest in n-3 fat fed rats.
In a third experiment the four dietary fats were fed at a lower 
dietary level (10% diet weight ), with the fish oil MUFA mixture
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modified to 1:1. After 5 weeks feeding in uninjured rats, whilst there 
was no difference in body weights, body fat levels were still higher with 
the SFA and MUFA compared with the n-6 PUFA and n-3 PUFA / 
MUFA diet groups. Fasting blood glucose levels did not vary between 
the dietary groups, although fasting insulin, measured by a reliable RIA, 
tended to be lowest in the n-3 group and highest in the SFA group. 
Glucose tolerance was best in the n-3 PUFA diet with MUFA showing a 
very good tolerance similar to that of n-3 PUFA diet group. Saturated fat 
diet fed rats were most glucose intolerant and the n-6 PUFA fed rats had 
an intermediate glucose tolerance among the groups. Insulin responses 
indicated that the relative glucose tolerance values reflected relative 
degrees of insulin resistance with the insulin sensitivity of the n-3 PUFA 
animals twice that of the saturated fat fed animals. After the induction 
of trauma with a single injection of turpentine, the metabolic responses 
in this less extended (24 h) model of trauma at 10% dietary fat level 
were similar to those observed in earlier studies.A:decrease in albumin 
and liver protein content was seen in n-6 PUFA while those of n-3 PUFA 
remained unchanged. Once again MUFA / n-3 PUFA feeding resulted in 
lesser changes in RNA concentrations following injury while other 
groups showed marked increases in RNA content compared to controls 
as a result of trauma. Shift of circulating zinc into liver was marked in 
n-6 PUFA whilst n-3 PUFA resisted this shift. M onounsaturated and 
saturated fats showed an intermediate response in terms of circulating 
zinc fall and its subsequent rise in liver. Oxidative stress was
158
significantly higheyin n-6 PUFA and SFA diets with a relatively lesser 
stress in n-3 and MUFA diets.
Fasting glucose levels were not affected although they were on 
average higher in each case with higher fasting insulin levels an 
impaired glucose tolerance was indicated. This was confirmed by the 
glucose tolerance tests with reduced K-Values in each case and with the 
most intolerance observed in the saturated fat and n-6 fat groups. Insulin 
levels during the glucose tolerance tests were higher in all groups than 
in the uninjured rats indicating insulin resistance in each case. However, 
this was most severe in the saturated fat and n-6 PUFA groups with 
apparent insulin effectiveness only half that of the MUFA and n-3 PUFA 
groups.
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C O N C L U S I O N
In conclusion, these results demonstrate that the quality of dietary fat 
influences the membrane lipid composition. This altered profile of membrane 
lipids modulates the metabolic responses to trauma in a sustained model of injury 
induced by serial subcutaneous injections of turpentine in the rat. Growth of 
animals before and after trauma was affected by n-3 fat at a much lower level 
than n-6 PUFA , MUFA or saturated fat. Incorporation of fatty acids into 
membranes at a high n-6 / n-3 ratio in corn oil diet fed animals exacerbated the 
acute-phase response by influencing zinc, glutamine and protein metabolism in 
trauma. In contrast, a low n-6 / n-3 ratio fish oil diet suppressed the acute-phase 
response by blocking any alterations in zinc and glutamine pools and by 
ameliorating the oxidative stress in injured rats. Saturated fat feeding resulted in 
adverse effects on insulin mediated glucose disposal in both normal and injured 
rats. Monounsaturated fat protects against stress induced impaired glucose 
tolerance as effectively as fish oil. Whilst n-6 fat improves glucose tolerance in 
normal rats it results in severe impairment during trauma. Some of the metabolic 
alterations seen in these studies have been observed to be induced by cytokine 
administration, hence it would be safe to postulate that dietary fats modulate the 
action of cytokines and influence the metabolic responses through altered 
eicosanoid metabolism in prolonged as well as less extended clinical injury. 
Whether the production of cytokines is directly affected by altered membrane 
lipid composition or their actions are mediated by the eicosanoid metabolism in 
this model of injury remains to be elucidated.
160
R E F E R E N C  E S
Allison, S.P., Hinton, P., Chamberlain, MJ. Intravenous glucose-tolerance, insulin, 
and free fatty acid levels in burned patients. Lancet. 1968; 2: 1113—16.
Amelsvoort, J.M.M van, Beek, A. van der, Stam, J.J., Houtsmuller, U.M.T. Dietary 
influence on the insulin function in the epididymal fat cell of the wistar rat; 
Effect of type of fat. Ann. Nutr. Metab. 1988 ; 32 : 138—148.
Angostoni, A., Marasini, B. Orosomucoid contents of pleural and peritoneal effusions 
of various etiologies. Am. J. Clin Pathol. 1977; 67:146—148.
Ardawi, M.S.M. Hepatic glutamine metabolism in the septic rat. Clin. Soi. 1992; 82: 
709—716.
Ardawi, M.S.M., Jamal, Y.S., Ashy, A.A., Nasr, H., Newsholme, E.A.Glucose and 
glutamine metabolism in the small intestine of septic rats. J. Lab. Clin. Med. 
1990; 115: 660—668.
Ardawi, M.S.M., Majzoub, M., Newsholme, E.A. Effect of glucocorticoid treatment 
on glucose and glutamine metabolism by the small intestine of the rat. Clin. Sci. 
1988; 75: 93—100.
Ardawi, M.S.M., Newsholme, E.A. Maximal activities of glutaminase and some 
enzymes of glycolysis and ketone body utilization and rates of utilization of 
glutamine, glucose and ketone bodies by intestinal mucosa after burn injury. 
Burns. 1987; 13: 438—444.
Aronsen, K.F., Ekelund, G., Kindmark, C.O., Laurell, C.B. Squential changes of 
plasma proteins after surgical trauma. Scand. J. Clin. Lab. Invest. 1972; 29(suppl 
124): 127—36.
Ashy, A.A., Ardawi, M.S.M. Glucose, glutamine and ketone-body metabolism in 
human enterocytes. Metabolism. 1988; 37: 602—609.
Askanazi, J., Carpentier, Y.A., Michelsen , C.B., Elwyn, D.H. Furst, P. Kanlrowitz, 
L.R. Gump, F.W, Kinney, J.M. Muscle and plasma amino acids following injury. 
Influence of intercurrent infection. Ann. Surg. 1980; 188: 797—803.
Ballantyne, F.C., Fleck, A. The effectof environmental temperature (20° and 30°) 
after injury on the catabolism of albumin in man. Clin. Chim. Acta. 1973; 46: 
139—46.
Ballmer, P.E., McNurlan, M.A., Southern, B.G., Grant, L, Garlick, P.J. Effects of 
human recombinant interleukin-1 p on protein synthesis in rat tissues compared 
with a classical acute phase reaction produced by turpentine. Biochem. J. 1991; 
279: 683—688.
Bannister, J., Bannister, W., Wood, E. Bovine erythrocyte cupro-zinc protein. Eur. J. 
Biochem. 1971; 18:178.
161
Barton, R.N. Neuroendocrine mobilization of body fuels after injury. Brit. Med. Bui. 
1985; 41: 218—225.
Barton, R.N., Passingham, B.J. Evidence for a role of glucocorticoids in the 
development of insulin resistance after ischaemic limb injury in the rat. J. 
Endocrinol. 1980; 86: 363—370.
Barton, R.N., Stoner, H.B., Watson, S.M. Plasma cortisol and ACTH in the severly 
injured. Arch. Emerg. Med. 1984; 1:170.
Besler, H. T., Grimble, R.F. Comparison of the modulatory influence of maize and 
olive oils and butter on metabolic responses to endotoxin in rats. Clin. Sci. 1995 ; 
88: 59— 66.
Beutler, B. and Cerami, A. Cachectic-tumor necrosis factor: a cytokine that mediates 
injury intiated by invasive parasites. Parasitol Today. 1987; 3: 345—346.
Bibby, D.C., Grimble, R.F. Dietary fat modifies some metabolic actions of human 
recombinant tumour necrosis factor—a in rats. Br. J. Nutr. 1990; 63: 653—668.
Bibby, D.C., Grimble, R.F. Effect of age on hypothalamic prostaglandin E^  
production and fever in response to tumor necrosis factor (cachectin) and 
endotoxin in rats. Clin. Sci. 1991; 81: 313—317.
Black, P.R., Brooks, D.C., Bessey, P.Q., Wolfe, R.R., Wilmore, D.W. Mechanisms of 
insulin resistance following injury. Ann. Surg. 1982; 196: 420—435.
Blomback, B., Hansen, L.A., eds. Plasma proteins. Chichester: Wiley, 1979.
Borkman, M., Storlien, L.H., Pan, D.A., Jenkins, A.B., Chisholm, D.J. Campbell, 
L.V. The relationship between insulin sensitivity and the fatty acid composition 
of skeletal muscle phospholipids. N. Engl. J. Med. 1993 ; 328 : 238 —44.
Bregman, A.A., Laboratory investigation and Cell Biology. New york: Wiley, 1983; 
51—60.
Broide, D.H. Inflammatory cells: structure and function. In: Stites, D.P. and Terr, 
A.I., eds. Basic and Clinical Immunology. Norwalk: Appleton & Lange, 1987; 
141—153.
Buckingham, J.C. Hypothalamo-pituitary responses to trauma. Brit. Med. J. 1985; 41: 
203—211.
Cahill, G.F.Jr. Starvation in man. Clin. Endocrinol. Metab. 1976; 5: 397—415.
Cathcart, E.S. Gonnerman, W.A. Fish oil fatty acids and experimental arthritis. 
Rheumatic Disease Clinics of North America. 1991; 17:235—242.
Chan, P.C., Ferguson, K.A. Dao, T.L. Effects of different dietary fats on mammary 
carcinogenesis. Cancer Res. 1983; 43: 1079—1083.
Chandra, R.K. Nutrition, immunity and infection: Present knowledge and future 
directions. Lancet. 1983; . 1:688—691.
Chandra, R.K. Single nutrient deficiencies and cell-mediated immune responses. 
Am. J. Clin. Nutr. 1980; 33: 736.
162
Clague, M.B. Turnover in pathalogical states. In: Waterlow, J.C., Stephen, 
eds. Nitrogen Metabolism in Man. London: Applied Science, 1981: 525—539.
Cleland, L.G., Gibson, R.A., James, M.J., Hawkes, J.S. Neumann, M. Interaction 
between vegetable and fish oils in relation to leukocyte eicosapentaenoic acid 
(EPA) content and leukotriene B production. In: Simpoulos, A.P., Kifer, R.R., 
Martin, R.E., Barloe, S.M. eds. Health Effects of (0-3 Polyunsaturated Fatty 
Acids in Seafoods. Vol. 66: World Rev. Nutr. Diet. Basel: Karger, 1991: 
567—568.
Clowes, G.H.A.Jr., George, B.C., Villee, C.A.Jr., Saravis, C.A. Muscle proteolysis 
induced by a circulating peptide in patients with sepsis or trauma. N. Engl. J. 
Med. 1983; 308: 545—52.
Colley, C.M., Fleck, A., Goode, A.W., Muller, B.R., Myers, M.A. Early time course 
of the acute phase response. J. Clin. Pathol. 1983; 36: 203—207.
Cooper, A.L., Weddell, K., Sanders, T.A.B., Rothwell, N.J. Metabolic responses to 
interleukin-1 (IL-1) are attenuated by n-3 fatty acids in the rat. Proc. Nutr. Soc. 
UK. 1992; 51: 98A.
Cousins, R.J. Absorption, transport, and hepatic metabolism of copper and zinc: 
special reference to metallothionein and ceruloplasmin. Physiol. Rev. 1985; 65: 
238—309.
Cunnane, S. C. , McAdoo, K.R. , Horrobin, D.F. n-3 Essential fatty acids decrease 
weight gain in genetically obese mice. Br. J. Nutr. 1986 ; 65: 87—95.
Daryani, R., LaLonde, C., Zhu, D., Weidner, M., Knox, J . , Demling, R.H. Effect of 
endotoxin and a burn injury on lung and liver lipid peroxidation and catalase 
activity. J. Trauma. 1990 : 1330—1334.
Davidson, M.B. and Garvey, D. Studeis on mechanisms of hepatic insulin resistance 
in cafeteria-fed rats. Am. J. Physiol. 1993 ; 264 (Endocrinol. Metab. 27) : E l8 
— E23.
Davies, J.W.L. Physiological Responses to Burning Injury. London: Academic Press, 
1982.
Dawidowicz, E. A. Dynamics of membrane lipid metabolism and turnover. Annu. 
Rev. Biochem. 1987 ; 56: 43 —61.
Demling, R., Lalonde, C., Youn, Y., Daryani, R., Compbell, C. and Knox, J. Lung 
oxidant changes after zymosan peritonitis: Relationship between physiologic and 
Biochemical changes. Am. Rev. Respir. Dis. 1992; 146: 1272-78.
Deneke, S.M., and Fanburg, B. L. Regulation of cellular glutathione. Am. J. physiol. 
1989 ; 257 : L I63—72.
Dinarello, CA. Interleukin—1 and the Pathogenesis of the acute phase response. N. 
Engl. J. Med. 1984; 311: 1413—17.
Dinerallo, C.A. and Mier, J.W. Lymphokines. N. Engl. J. Med. 1987; 317: 940—945.
Dolecek, R., Adamkova, M., Sotornikova, T., Zavada, M., Kracmar, P. Endocrine 
response after burn. Scand. J. Plast. Reconstr. Surg. 1979; 13: 9—16.
163
Duke, J.H., Jorgensen, S.B., Broell, J.R., Long, C.L., Kinney, J.M. Contribution of 
protein to calorie expenditure following injury. Surgery. 1970; 6 8 : 168—174.
Endres, S., Ghorbani, R., Kelly, V.E., et al. The effect of dietary supplementation 
with n-3 Polyunsaturated fatty acids on the synthesis of IE—1 and TNF—a by 
mononuclear cell. N. Engl. Med. 1989; 320: 266—71.
Pailla, M. L. and cousins, R.J. Zinc uptake by isolated rat liver parenchymal 
cells. Biochim. Biophys. Acta. 1986 ; 538 : 435—444.
Fiedel, B.A., Gewurz, H. Effects of C-reactive protein on platelet function. I. 
Inhibition of platelet aggregation and release reactions. J. Immunol. 1976; 116: 
1289—94.
Fleck, A. Computer models for metabolic studies on plasma proteins. Ann. Clin. 
Biochem. 1985; 22: 33—49.
Fleck, A. Raines, G., Hawker, F. Et al. Increased vascular permeability: a major 
cause of hypoalbuminaemia in disease and injury. Lancet. 1985; 1: 781—84.
Fleck, A., Colley, C.M., Myers, M.A. Liver Export Proteins and Trauma. Brit. Med. 
Bui. 1985; 41:265—73.
Flynn, A., Strain, W.H., Porles, W.J. Corticotropin dependency on zinc ions. 
Biochem. Biophys. Res. Commun. 1972; 46: 1113.
Folch, J., Lees, M. and Sloane Stanky, G.H. A simple method for the isolation and 
purification of total lipids from animal tissues. J. Biol. Chem. 1957 ; 226 : 497 
—509.
Fong, K.L.,McGay, P.B., and Poyer, J.L. Evidence that perioxidation of lysosomal 
membrane is initiated by hydroxyl free radicals produced during Flaving enzyme 
activity. J. Biol. Chem. 1973; 248: 7792-97.
Fong, Y., Minei, J.P., Marano, M.A., Moldawer, L.L., Wei, H., Shires, G.T., Lowry,
S.F. Skeletal muscle amino acid and myofibrillar protein mRNA response to 
thermal injury and infection. Am. J. Physiol. 1991; 261 (Regulatory Integrative 
Comp. Physiol. 30): R536.
Fraker, P.J., dePasquale-Jarleu, P., Zwickl, C.M., Leuke, R.W. Regeneration of T-cell 
helper functions in zinc defficient adult mice. Proc. Nat. Acad. Sci. USA. 1978; 
75: 56-60.
Franzblau, C., Schmid, K., Paris, B. Et al. The interaction of collagen with cci acid 
glycoprotein. Biochim. Biophys. Acta. 1976; 427: 302—314.
Frayn, K.N. Acute metabolic responses to injury. In: Tubbs, N. London, P.S., eds. 
Topical reviews in accident surgery, Vol. 2. Bristol: Wright, 1982: 47—6 6 .
Frayn, K.N. Substrate turnover after injury. Brit. Med. Bui. 1985; 41: 232—239.
Frayn, K.N., Price, D.A., Maycock, P.F., Carroll, S.M. Plasma somatomedin activity 
after injury in man and its relationship to other hormonal and metabolic changes. 
Clin. Endocrinol. (Oxf.) 1984; 20: 179—187.
Galdes, A. Vallee, B.L. Categories of zinc metalloenzyme. In: Siegel, H., ed. Metal 
Ions in Biological Systems, Vol. 15: Zinc and its role in biology and nutrition. 
New York: Marcel & Dekker, 1983: 1
164
Ganrot, K. Plasma protein pattern in acute infectious diseases. Scand. J. Clin. Lab. 
Invest. 1974; 34:75—81.
Garg, A., Bonanome, A., Grundy, S.M., Zhang, Z.J. Unger, R.H. Comparison of a 
high carbohydrate diet with a high monounsaturated fat diet in patients with non­
insulin dependant diabetes mellitus. N. Engl. J. Med. 1988 ; 319 ; 829—34.
Garrido, A., Garate, M., Valenzuela, A. Changes in the antioxidant capacity of 
blood plasma are produced after the ingestion of high doses of fish oil. Res. 
Comm. Chem. Path. Pharmacol. 1993 ; 82 : 367—370.
Giugliano, R. Millward, D.J. Growth and zinc homeostasis in the severely Zn- 
deficient rat. British Journal of Nutrition. 1984; 52: 545—560.
Goetzl, E.J. Leukocyte recognition and metabolism of leukotrienes. Fed. Proc. 1983; 
42: 3128—3131.
Golden, B.E., Golden, M.H.N. Plasma zinc and the clinical features of malnutrition. 
Am. J. Clin. Nutr. 1979; 32: 2490.
Goodwin, J.S., Webb, D.R. Regulation of the immune response by prostaglandins. 
Clin. Immunol. Immunopathol. 1980; 15: 106—122.
Gottenbos, J.J. The role of linoleic acid. In: Padley,F.B., Podmore,!., Brun, J.P., 
Burt, R. And Niçois, B.W. Eds. The Role of Fats in Human Nutrition. Chichester: 
Ellis Horwood, 1985: 117—131.
Griffeth, L.K., Rosen, G.M. and Ranchman. E.J. Effects of model traumatic injury on 
hepatic drug metabolism in the rat. Drug, metab. Dispos. Biol. Fate. Chem. 1987; 
15 (6 ): 749-59.
Grimble, R. F. and Bremner, I. Tumor necrosis factor-oc enhances hepatic 
metallothionein I content but reduces that of kidney. Proc. Nutr. Soc. 1989 ; 48 : 
64A.
Grimble, R.F. Dietary manipulation of the inflammatory response. Proc.of the Nutr. 
Soc. UK. 1992; 51: 285—294.
Grimble., R. F. Nutrition and Cytokine action. Nutr. Res. Rev. 1990; 3: 193—210.
Guyton, A.C. Endocrinology and reproduction. In: Text Book of Medical Physiology. 
Philledelphia: W.B.Saunders, 1991: 810—867.
Hagve, T.A., Christophersen, B.O. Effect of (0 - 3  fatty acids on membrane fragility of 
rat erythrocytes. In: Simpoulos, A.P., Kifer, R.R., Martin, R.E., Barloe, S.M. eds. 
Health Effects of co-3 Polyunsaturated Fatty Acids in Seafoods. Vol. 6 6 : World 
Rev. Nutr. Diet. Basel: Karger, 1991: 554.
Halliwell, B., Murcia, M. A., chirico, S., Arouma, O. I. Free radicals and antioxidants 
in food and in vivo : What they do and how they work. Critical Rev. Food Sci. 
Nutr. 1995 ; 35 : 7—20.
Hauben, D.J., Le Roith, D., Glick, S.M., Mahler, D. Nonoliguric vasopressin 
oversecretion in severly burned patients. Isr. J. Med. Sci. 1980; 16: 101—105.
165
Hawthorne, A.B., Daneshmend, T.K., Hawkey, C.J., Belluzi, A., Everitt, S.J., 
Holmes, G.K., Malkinson, C., Shaheen, M.Z., Willars, I.E. Treatment of 
ulcerative colitis with fish oil supplementation: a prospective 1 2  month 
randomised controlled trial. Gut. 1992; 33: 922—928.
Hayam, I., Cogan, U., Mokady, S. Dietary oxidized oil enhances the activity of ( Na+ 
K+ ) ATPase and acetylcholinesterase and lowers the fluidity of rat erythrocyte 
membrane. J. Nutr. Biochem. 1993; 4: 563—568.
Heath, D.F. Subcellular aspects of the response to trauma. Brit. Med. Bui. 1985; 41: 
240—245.
Heath, D.F., Corney, P.L. The effects of starvation, envirnmental temperature and 
injury on the rate of disposal of glucose by the rat. Biochem. J. 1973; 136: 
519—530.
Heinrich, P.C., Castell, J.V., Anders, T. Interleukin- 6  and the acute phase response. 
Biochem. J. 1990; 265: 621—636.
Hellerstein, M.K., Meydani, S.N., Meydani, M., Wu, K., Dinerallo, C.A. Interleukin- 
1-induced anorexia in the rat. Influence of prostaglandins. J. Clin. Invest. 1989; 
84: 228—235.
Hillier, K., Jewell, R., Dorrel , L., Smith, C. L. Incorporation of fatty acids from fish 
oil and olive oil into colonic mucosal lipids and effects upon eicosanoid 
synthesis in inflammatory bowel disease. Gut. 1991 ; 32:1151—1155.
Holmer, G., Kaasgaard, C.E., Beare-Rogers. Effect of chain length of dietary ©-3 
fatty acids on the fatty acid distribution in monkey liver phospholipids. In: 
Simpoulos, A.P., Kifer, R.R., Martin, R.E., Barloe, S.M. eds. Health Effects of 
co-3 Polyunsaturated Fatty Acids in Seafoods. Vol. 6 6 : World Rev. Nutr. Diet. 
Basel: Karger, 1991: 552-553.
Hurley, J.V. Acute inflammation. Edinburgh : Churchill Livingston 1972.
Jennings, G. Bourgeois, C. Elia, M. The magnitude of the acute phase protein 
response is attenuated by protein deficiency in rats. J. Nutr. 1992; 122: 
1325—1331.
Jepson, M.M, and Millward, D.J. Impact of glutamine infusions on muscle Protein 
synthesis in fasted and endotoxin treated rats. Clin. Nutr. 1991; 10 (SUPP): 
43—46.
Jepson, M.M., Bates, P.C., Broadbent, P., Pell, J.M., Millward, D.J. Relationship 
between glutamine concentration and protein synthesis in rat skeletal muscle. 
Am. J. Physiol. 1988; 255 (Endocrinol. Metab. 18):E166—E172.
Jepson, M.M., Pell, J.M., Bates, P.C., Millward, D.J. The effects of endotoxaemia on 
protein metabolism in skeletal muscle and liver of fed and fasted rats. Biochem. 
J. 1986; 235: 329—336.
Kagi, J.H.B., Himmelhoch, S.R., Whanger, D.D., Bethune, J.L., Vallee, B.L. Equine 
hepatic and renal metallothioneins. J. Biol. Chem. 1974; 249: 3537.
Kampschmidt, R.F., Upchurch, H.F., Eddington, C.L., Pulliam, L.A. Multiple 
biological activities of a partially purified leukocytic endogenous mediator. Am. 
J. Physiol. 1973; 224: 530—533.
166
Kampschmidt, R.F., Upchurch, H.F., Pulliam, L.A. Characterization of a leukocyte- 
derived endogenous mediator responsible for increased plasma fibrinogen. Ann. 
N. Y. Acad. Sci. 1982; 389: 338—353.
Kates, M., Laboratory techniques in biochemistry and molecular biology. Eds. Work, 
T.S. and Work, E. American Elsevier Publishing Co. Inc. New York. 1975 ; 351.
Kindmark, C.D. Plasma protein turnover, Sequential changes In: Biachi, R., Mariani, 
G., Me Garlance, eds. Plasma protein in various acute diseases: A.S. Macmillan, 
London, 1976; 395—402.
Kinney, J.M. The metabolic response to injury. In: Richards, J.R, Kinney, J.M., eds. 
In: Nutritional Aspects of Care in the Critically 111. Edinburgh: Churchill 
Livingston, 1977.
Kinsella, J.E., Broughton, K.S., Whelan, J.W. Dietary unsaturated fatty acids: 
interactions and possible needs in relation to eicosanoid synthesis. J. Nutr. 
Biochem. 1990; 1: 123—141.
Kirchgessner, M., Roth, H.P. Biochemical changes of hormones and metalloenzymes 
in zincdefficiency. In: Nriagu, J.O., ed. Zinc in the Environment, Part II: Health 
effects. New York: Wiley, 1980: 71.
Kramann, N., Green, A. Epidemiological studies in the Upernavik district, Greenland. 
Acta. Med. Scand. 1980; 208: 401—406.
Kuratko, C. N., Tsai, S., Pence, B.C. Effects of dietary fat and 1,2-dimethylhydrazine 
on microsomal lipid peroxidation. J. Nutr. Biochem. 1994 ; 5 : 78—83.
Lamy, Y., Ibrahim, S., Lomanto, C., Dombrowiecki, A. Sequential changes of 
cci—antitrypsin after surgical trauma. Clin. Chim. Acta. 1978; 89: 387—391.
Lands, W.E.M., Miller, J. F. Jr., Rich, S. Influence of dietary fish oil on plasma lipid 
hydroperoxides. Advances in prostaglandin, thromboxane and lenkotriene Res. 
1987 ; 17 : 876—879.
Ling, P.R., Istfan, N., Colon, E., Bistrian, B.R. Effect of fish oil on glucose 
metabolsim in the interleukin -la-treated rat. Metabolism 1993 ; 42 : 81 —85.
Little, R.A., Stoner, H.B., Frayn, K.N. Substrate oxidation shortly after accidental 
injury in man. Clin. Sci. 1981; 61: 789—791.
Long, C.L., Jeevanandam, M., Kim, B.M., Kinney, J.M. Whole body protein 
synthesis and catabolism in septic man. Am. J. Clin. Nutr. 1977; 30: 1340—1344.
Lowry, O.H., Resenbrough, N.S., Farr, A.L., Randall, R.J. Protein measurement with 
folin phenol reagent. J. Biol. Chem. 1951; 193: 265—275.
Male, D., Roitt, L, Rook, G., Lydÿard, P., Grossi, C. Adaptive and innate immunity. 
In: Male, D., ed. London: Churchill Livingston, 1989: 1—10.
McNamara, J.J., Molot, M., Dunn, R., Burran, E.L. Stremple, J.F. Lipid metabolism 
after trauma. Role in the pathogenesis of fat embolism. J. Thorac. Cardiovasc. 
Surg. 1972; 63: 968—972.
Meguid, M.M., Brennan, M.F., Aoki, T.T., Muller, W.A., Ball, M.R., Moore, F.D. 
Hormone-substrate interrelationships following trauma. Arch. Surg. 1974; 109: 
776—783.
167
Millward, D.J. Protein turnover in cardiac and skeletal muscle during normal growth 
and hypertrophy. In: Wildenthal, K., ed. Degradative processes in skeletal and 
cardiac muscle. Amsterdam: Elsevier, 1980: 161—200.
Mizock, B.A. Alterations in carbohydrate metabolsim during stress : A review of the 
literature. Am. J. Med. 1995 ; 98 : 75 —84.
Monocada, S. Van, J. Arachidonic acid metabolities and the interaction between 
platelets and blood vessel walls. N. Engl. J. Med. 1979; 17: 1142—1147.
Moody, B.J. Changes in the serum concentrations of thyroxne binding prealbumin 
and retinolbinding protein following burn injury. Clin. Chim. Acta. 1982; 118: 
87—92.
Mortensen, R.F. C-Reactive protein (CRP)-mediated inhibition of the induction of in 
vitro antibody formation. I. T-cell dependence of the inhibition. Cell Immunol. 
1979; 44: 270-82.
Mortensen, R.F., Braun, D.? Gewurz, H. Effects of C-reactive protein on lymphocyte 
function. III. Inhibition of antigen induced lymphocyte stimulation and 
lymphokine production. Cell Immunol. 1977; 28: 59—6 8 .
Mosconi, C., Colli, S., Medini, L., Stragliotto, E., Maderna, P., Tremoli, E., Galli, C. 
Vitamin E influences the effect of fish oil on fatty acid and eicosanoid 
production in plasma and circulating cells in the rat. Biochem. Pharmacol. 
1988; 37: 3415—3421.
Moshage, H.J., Jansses, J.A.M. Study of the molecular mechanism of decreased liver 
synthesis of albumin in inflammation. J. Clin. Invest. 1987 79: 1635—1641.
Muhlbacher, F., Kapadia, C.R., Colpoys, M.F., Smith, R.J., Wilmore, D.W. Effects of 
glucocorticoids on glutamine metabolism in skeletal muscle. Am. J. Physiol. 
1984; 247(Endocrinol. Metab. 10): E75—E83.
Mulrooney, M.H., Grimble, R.F. Influence of butter and of corn, coconut and fish oils 
on the effects of recombinant human tumour necrosis factor-a in rats. Clin. Sci. 
1993; 84: 105—112.
Myers, M.A., Fleck, A. Observations on the delay in onset of the acute phase protein 
response. Br.J. Ent. Pathol. 1988; 69: 169—176.
Myers, M.A., Fleck, A., Sampson, B., Colley, C.M., Bent, J., Hall, G. Early plasma 
protein and mineral changes after surgery: a two stage process. J. Clin. Pathol. 
1984; 37: 862—866.
Needleman, P., Rax, A., Minkes, M.S., Ferrendelli, J.A., Sprecher, H. Triene 
prostaglandins: prostacyclin and thromboxane biosynthesis and unique biological 
properties. Proc. Nat. Acad. Sci. USA. 1979; 76: 944—948.
Odling-Smee, G.W. The metabolic response to injury. In: Odling-Smee, W. and 
Crockard, A., eds. Trauma Care. London: Academic Press, 1981: 33—45.
Oppenheim, J.J., Ruscetti, F.W., Faltynek, C. Cytokines. In: Stites, D.P. and Terr, 
A.I., eds. Basic and Clinical Immunology. Norwalk: Appleton & Lange, 1987: 
78—99.
168
Oteiza, P.L, Olin, K.L., F rage, C.G„ Keen, C. L. Zinc deficiency causes oxidative 
damage to proteins, lipids and DNA in rat testes. J. Nutr. 1995 ; 125 : 823—829.
Owen, J.A. Effect of injury on plasma proteins. In: Sobotka, H., Stewart, C.P, eds. 
Advances in Clinical Chemistry, Vol. 9. New York: Academic Press, 1967: 
1—41.
Owen, J.A., Better, F.C., Hoban, J. A simple method for the determination of serum 
haptoglobins. J. Clin. Pathol. 1960; 13: 163—164.
Palombo, J.D., Bistrian, B.R., Fechner, K.D., Blackburn, G.L., Forse, R.A. Rapid 
incorporation of fish or olive oil fatty acids into rat hepatic sinusoidal cell 
phospholipids after continuous enteral feeding during endotoxemia. Am. J. Clin. 
Nutr. 1993; 57: 643—649.
Pan, D. A ., Hulburt, A.J., Storlien, L.H. Dietary fats, membrane phospholipids and 
obesity. J. Nutr. 1994; 124: 1555—1565.
Pan, D. A. and Strolien, L.H. Dietary lipid profile is a determinant of tissue 
phospholipid fatty acid composition and rate of weight gain in rats. J. Nutr. 
1993; 123: 512—519.
Parrish, C.C., Pathy, D. A., Parkes, J.G., Angel, A. Dietary fish oils modify adipocyte 
structure and function. J. Cellular Physiol. 1991 ; 148 : 493—502.
Paterson, C.R. Lipids. In: Essentials of Human Biochemistry. London: Pitman 
Publishing Limited, 1985: 46—50.
Pepys, M.B., Baltz, M.L. Acute phase proteins with special reference to C-reactive 
protein and related proteins (pentaxins) and serum amyloid A. Protein. Adv. 
Immunol. 1983; 34: 141—212.
Periago, J. L. , DeLucchi, C., GiL, A., Suarez, M.D., Pita, M.L. Lipid composition of 
liver microsomes in rats fed a high monounsaturated fatty acid diet. Biochim. 
Biophys. Acta. 1988 ; 962 ; 66—72.
Periago, J.L., Saurez, M.D., Pita, M.L. Effect of dietary olive oil, corn oil and 
medium-chain triglycerides on the lipid composition of rat red blood cell 
membranes. J. Nutr. 1990; 120: 986—994.
Piccoletti, R., Aletti, M. and Bernelli-Zazzera, A. Inflammation. 1986; 10:109 — 117.
Pories, W.J., DeWys, W.D., Flynn, A., Mansour, E.G., Strain, W. H. Implications of 
the inhibition of animal tumours by dietary zinc deficiency. Adv. Exp. Med. 
Biol. 1978; 91: 243.
Powanda, M.C. Moyer, E.D. Plasma protein alterations during infection: potential 
significance of those changes to host defence and repair systems. In: Powanda, 
M.C., Canonico, P.G., eds. Infection: the Physiologic and Metabolic Responses 
of the Host. Amsterdam: Elsevier, 1981; 271—296.
Powanda, M.C., Moyer, E.D. Plasma proteins and wound healing. Surg. Gynecol. 
Obstet. 1981; 153: 749—755.
Pscheidl, E.M., Wan, J.M., Blackburn, G.L., Bistrian, B.R., Istfan, N.W. Influence of 
co-3 fatty acids on splanchnic blood flow and lactate metabolism in an 
endotoxemic rat model. Metabolism. 1992; 41: 698—705.
169
Ramirez, R., Lopez, J. M., Bedoya, F.J., Goberna, R. Effects of high-carbohydrate or 
high- fat diet on carbohydrate metabolism and insulin secretion in the normal rat. 
Diabetes Res. 1 9 9 0 ;1 5 :1 7 9 -  183.
Rennie, M.J. Muscle protein turnover and the wasting due to injury and disease. Brit. 
Med. Bui. 1985; 41: 257—264.
Rennie, M.J., Harrison, R. Effects of injury, disease and malnutrition on protein 
metabolism in man; unanswered questions Lancet. 1984; 1: 323—325.
Roitt, I.M., Brostoff, J., Male, D.K. Adaptive and innate immunity. In: Immunology. 
St. Louis: C. V. Mosby, 1985: 1.1—1.8.
Rosenoer, V.M., Oratz, M., Rothschild, M.A. Albumin structure, function and uses. 
Oxford: Pergamon, 1977.
Sadlak, J. And Lindsay, R.H. Estimation of total, protein-bound, and nonprotein 
sulfhydryl groups in tissue with Ellman’s reagent. Analytical Biochemistry. 1968; 
25: 192-205
Sanders, T.A.B. Marine oil: metabolic effects and role in human nutrition. Proc. 
Nutr. Soc. UK. 1993; 52: 457—472.
Sanders, T.A.B. The importance of eicosapentaenoic and docosahexaenoic acids. In: 
Padley, F.B., Podmore, J., Brun, J.P., Burt, R., Niçois, B.W., eds. The Role of 
Fats in Human Nutrition. Chichester: Ellis Horwood, 1985: 101—116.
Schacky, C.V., Fischer, S., Weber, P.C. Long-term effects of dietary marine co-3 fatty 
acids upon plasma and cellular lipids, platelet function, and eicosanoid formation 
in humans. J. Clin. Invest. 1985; 76: 1626—31.
Sehgal, P.B., Grieninger, G., Tosato, G. Regulation of the acute-phase and immune 
responses: Inteleukin-6 . Ann. N. Y. Acad. Sci. 1989 ; 557:1
Seltzer, H. S., Allen, E. W., Herron, A.L., Brennan, M.T. Insulin secretion in 
response to glycémie stimulus: relaltion of delayed initial release to carbohydrate 
intolerance in mild diabetes. J. Clin. Invest. 1967 ; 46: 323 —335.
Sherry, B. and Cerami, A. Cachetin/tumor necrosis factor exerts endocrine, paracrine 
and autocrine control of inflammatory responses . J. Cell Biol. 1988 ; 107: 1269 
— 77.
Shills, M.E., Randall, H.T. Diet and nutrition in the care of surgical patient. In: 
Goodhart, R.S., Shills, M.E., eds. Modern Nutrition in Health and Disease. 
Philledelphia: Lea & Febiger, 1980: 1082—1093.
Simopoulos, A.P. Omega-3 fatty acids in health and disease and in growth and 
development. Am. J. Clin. Nutr. 1991; 54: 438—463.
Smith, A.D. Dietary fat, carcinogenesis and the immune response: can diets rich in 
polyunsaturated fatty acids be harmful? In: Padley, F.B., Podmore, J., Brun, J .P., 
Burt, R., Niçois, B.W., eds. The Role of Fats in Human Nutrition. Chichester: 
Ellis Horwood, 1985: 157—162.
Smith, R. Recovery and tissue repair. Brit. Med. Bui. 1985; 41: 295—301.
170
Song, M.K., Adham, N.F. Determination of native zinc content of alpha-2- 
macroglobulin in normal, heperzincemic and hypozincemic sera by sucrose 
density gradient centrifugation. Clin. Chim. Acta. 1979; 99: 13—21.
Spallholz, I.E. Nutrition: chemistry and biology. New Jersey: Prentice Hall, 1989: 
243—260.
Spielman, D. Metabolism of unsaturated fatty acids: Role of n-3 and n- 6  fatty acids in 
clinical nutrition. In: Kinney, J.M., ed. Perspectives in Clinical Nutrition. 
Baltimore: Urban & Schwarzenberg, 1989: 351—377.
Spiteller, G. Review: On the chemistry of oxidative stress. J. Lipid Mediators. 1993; 
23: 1—23.
Stoner, H,B. An integrated neuro-endocrine response to injury. In : Wilkinson, 
A.W., Cuthbertson Sir D., eds. Metabolism and the response to injury. Tunbridge 
Wells: Pitman Medical, 1976 ; 194 — 201.
Stoner, H.B. Studies on the mechanism of shock. The quantitative aspects of 
glycogen metabolism after limb ischaemia in the rat. Br. J. Exp. Pathol. 1958; 39: 
635—651.
Stoner, H.B., Frayn, K.N., Barton, R.N., Threlfall, C.J., Little, R.A. The relationships 
between plasma substrates and hormones and the severity of injury in 277 
recently injured patients. Clin. Sci. 1979; 56: 563—573.
Storlien, L. H., Pan, D. A., Milner, M., Lillioja, S. Skeletal muscle membrane lipid 
composition is related to adiposity in man. Obes. Res. 1993; 1 : 77S (abs.).
Storlien, L.H., Jenkins, A.B., Chisholm, D.J. Pascoe, W.S., Khouri, S. Kraegen, 
E.W. Influence of dietary fat composition on development of insulin resistance in 
rats: Relationship to muscle ttiglyceride and co-3 fatty acids in muscle 
phospholipid. Diabetes . 1991 ; 40: 280 — 89.
Takahashi, K. Effect of various traumatic stresses on growth hormone release in 
pentobarbital anesthetized rats. Neuroendocrinol. 1978; 26: 1—7.
Tappia, P. S. and Grimble, R. F. Complex modulation of cytokine induction by 
endotoxin and tumor necrosis factor from peritoneal macrophages of rats by diets 
containing fats of different saturated, monounsaturated and polyunsaturated fatty 
acid composition. Clin. Sci. 1994 ; 87 : 173—178.
Tenhoor, F., De Deckere, E.A.M., Haddeman, E., Hornstra, G., Quadt, J.F.A. Dietary 
manupulation of prostaglandin and thromboxane synthesis in heart, aorta and 
blood platelets of the rat. In: Samuelsson, B., Ramwell, P.W., Paoletti, R., eds. 
Advances on Prostaglandin and Thromboxane Research, Vol. 8 . New York: 
Raven Press, 1980:1771—1781.
Terane, T., Salmon, J.A., Higg, G. A., Mocada, S. Eicosapentaenoic acid as a 
madulator of inflammation. Effect on prostaglandin and leuktriene sysnthesis. 
Biochem. Pharmacol. 1986; 35: 779—85.
Thompson, W.L., Abeles, F.B., Beall, F.A., Dinterman, R.E., Wannemacher, R.W.Jr. 
Influence of the adrenal glucocorticoids on the stimulation of synthesis of hepatic 
ribonucleic acid and plasma acute-phase globulins by leucocytic endogenous 
mediator. Biochem. J. 1976; 156: 25—32.
171
Timbrell, J.A. Factors affecting toxic responses: metabolism. In: Principles of 
Biochemical Toxicology. London: Taylor & Francis Ltd., 1987: 72—76.
Tischler, M.E., Leng, E., Al-Kanhal, M., Mnichowicz, J., Reiser, V., Norton, L.W. 
Metabolic response of muscle to trauma : Altered control of protein turnover. 
Clin. Nutr. Metab. Res. 1986 ; 40 — 53.
Tischler, M.E., Cammisa, H. Metabolism of protein amino acids and glucose and 
their response to insulin in atria and cardiac miocytes of traumatized rats. 
Metabolism. 1984; 33: 515—520.
Tischler, M.E., Fagan, J. Response to trauma of protein amino acid and carbohydrate 
metabolism in injured and uninjured rat skeletal muscles. Metabolism. 1983; 32: 
853—868.
Tortora, G.J., Evans, R.L., Anagnostakos, N.P. In: Principles of Human Phisiology. 
New York: Harper & Row, 1982: 323—329.
Turley, E. and Strain, J.J. Fish oils, eicosanoid biosynthesis and cardiovascular 
disease: an overview. Int. J. Food Sci. Nutr. 1993 ; 44: 145—152.
Vallee, B.L. Zinc biochemistry in the normal and neoplastic growth processes. In: 
Schultz, J., Ahmed, F., eds. Cancer Enzymology. New York: Academic Press, 
1976;159.
Vetter, M.L., Gewurz, H., Hansen, B., James, K., Baum, L.L. Effects of C-reactive 
protein on human lymphocyte responsiveness. J. Immunol. 1983; 130:
2121—2126.
Vitale, J.J., Broitman, S.A. Lipids and Immune Function. Cancer Research. 1981; 41: 
3706—3710.
Wan, J.M.F., Istfan, N.W., Chu, C.C., Blackburn, G.L., Bistrian, B.R. Comparative 
effects of œ-3 and co- 6  polyunsaturated fatty acids on protein metabolism in rats 
bearing the mammary adenocarcinoma. Metabolism. 1991; 40: 577—584.
Warren, R.S., Starnes, H.F., Alcoke, N., Calvano, S., Brennan, M.F. Hormonal and 
metabolic response to recombinant human tumor necrosis factor in rat in vitro 
and in vivo . Am. J. Physiol. 1988 ; 225 : E 206 — 12.
Werner, M. Serum protein changes during the acute phase reaction. Clin. Chim. Acta. 
1969; 25: 299—305.
Whicher, J.T. and Evans, S.W. Cytokines in disease . Clin. Chem. 1990 ; 36 : 
1269.
White, A.C., Thannickal, V.J., Fanburg, B.L. Glutathione deficiency in human 
disease. J. Nutr. Biochem. 1994; 5: 218—226.
Whitney, E.N., Cataldo, C.B., Rolfes, S.R. Nutrition and illness. In: Understanding 
Normal and Clinical Nutrition, 3rd. Ed. St. Paul: West Publishing Company, 
1991: 573—598.
Wichterman, K.A., Baue, A.E., Chaudry, I.H. Sepsis and septic shock—a review of 
laboratory models and a proposal. J. Surg. Res. 1980; 29: 189—201.
172
Wiersma, M.M., Bakker, I.M. and Radder, J.K. Effect of high fat feeding on glucose 
tolerance in neonatally streptozotocin-treated rats at 3 and 6  months of age. Ann. 
N. Y. Acad. Sci. 1993 ; 228—236.
Williams, C.M., Maunder, K. Effect of dietary fatty acid composition on inositol-, 
choline- and ethanolamine-phospholipids of mammary tissue and erythrocytes in 
the rat. Br. J. Nutr. 1992; 6 8 : 183—193.
Wolfe, R.R., Spitzer, J.J., Miller, H.I., Elahi, D. Effects of insulin infusion on 
glucose kinetics in normal and burned guinea pigs. Life Sci. 1976; 19: 147—156.
Woloski, B. M.R.N.J. and Jamieson, J.C. Rat corticotrophin insulin and thyroid 
hormone levels during the acute -phase response to inflammation. Comp. 
Biochem. Phsiol. A comp. Phsiol. 1987 ; 8 6  : 15 — 19.
Woolfson, A.M.J., Heatley, R.V. and Allison, S.P. The significance of insulin in the 
metabolic response to injury. In: Richards, J.R., Kinney, J.M., eds. Nuitritional 
Aspects of Care in the Critically 111. Edinburgh: Churchill Livingston. 1977.
Wusteman, M., Hayes, A., Stirling, D. Elia, M. Changes in protein distribution in the 
rat during prolonged systemic injury. J. Surg. Res. 1994; 56: 331—337.
Wusteman, M., Wight, D.G.D., Elia, M. Protein metabolism after injury with 
turpentine: a rat model for clinical trauma. Am. J. Physiol. 1990; 259: 
E763—E769.
Ziboh, V.A., Fletcher, M.P. Dose-response effects of dietary y-linolenic acid- 
enriched oils on human polymorphonuclear-neutrophil biosynthesis of 
leukotriene B4. Am. J. Clin. Nutr. 1992; 55: 39—45.
Zurier, R.B., DeMarco, D. Santoli, D. Effects of fatty acids on inflammation and 
immune responses. In: Simpoulos, A.P., Kifer, R.R., Martin, R.E., Barloe, S.M. 
eds. Health Effects of co-3 Polyunsaturated Fatty Acids in Seafoods. Vol. 6 6 : 
World Rev. Nutr. Diet. Basel: Karger, 1991: 566—567.
173
A P P E N D I C E S
174
A p pen d ix  L A n a ly tica l P roced u res
* Albumin
Boehringer Mannheim Kit 
Method : Bromcresol-green method 
Test principle
Formation of albumin / Bromcresol-green complex at pH 4.2 and photometric 
measurement of absorbance.
Sample : Serum
Preparation and stability of reagent solution
Dilute contents of one bottle with 650 ml redist. water. Rinse bottle with an 
aliquot of this dilution and return to working solution.
Sample preparation 
Procedure
Wavelength : Hg 578 nm or Hg 623 nm
Spectrophotometer : 630 nm
Curvette : 1 cm light path
Incubation temperature : . 20-25°C
Measure against reagent blank.
One reagent blank and one standard are sufficient for each assay series.
Pipette into cuvettes:
RB standard sample
reagent solution 3.00 ml 3.00 ml 3.00 ml
sample - - 0.01 ml
Precinom® U - ' 0.01 ml -
Mix. incubate for 5 min, then measure absorbances of sample 
and standard against RB: Asampie and Astandard
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If the albumin concentration exceeds 6  g/ 1 0 0  ml or 60 g/1, dilute the sample 
and repeat the assay.
Calculaltion of the concentration (c) of albumin in the sample:
A sa m p ie
c=actual valueprecinorm® Ux ........ -.........[g/100 ml or g/1]
A stan d ard
* Determination of total protien concentration:
Total protien levels were measured by using the Lowry, et al., (1951) method.
Reagents: A) 2% NaiCOg in 0.1N NaOH
B) 0.5% CuS04 5H2 0 ;
C) 1.0% Na or K tartrate;
D) Folin reagent (2 x dilution) in water;
E ) Mixture of reagent A,B, and (50:1:1) respectively.
1. Twenty percent liver homogenate was diluted (1.9) with distilled water.
2. pi of diluted homogenate was mixed with 1 ml of reagent ‘E’ and added 
lOOpl phenol reagent and mixed very rapidly within 1-2 seconds.
3. After 30 min the samples were readout on spectrophotometer at the 
wavelenth of 600mm.
4. Concentrations of the unknown samples were estimated by using the 
standard curve.
* Determination of RNA Concentrations in Liver and Muscle:
1. The method described by Bregman (1983) was use to determine the 
levels of RNA.
2. Tissues were homogenized in 5 volumes of ice-cold distilled water by 
using a high speed (Ultra Turex) homogenizer for 20 seconds.
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3. One milliliter homogenate was suspended in 2.5 ml of 10% ice-cold 
tricholroacetic acid (TCA).
4. Tubes were centrifuged at 1,800 g for 2 min and the supernatant was 
decanted.
5. The pellets were washed once with 2.5 ml of ice-cold 10% TCA to 
remove the acid soluble compounds.
6 . The sediments were extracted twice with 5 ml of 95% ethanol to remove 
lipids and recovered by centrifugation.
7. The lipid-free residue was suspended in 1.3 ml of distilled water and 1.3 
ml of 10% TCA, and the mixture was heated for 15 minutes at 90°C 
with occasional stirring.
8 . After centrifugation the supernants were decanted into marked test 
tubes.
9. The pellets were resuspended with 2.5 ml of 5% TCA, centrifuged and 
the supernatants were combined.
10. For quantification of RNA, the extract was treated with orcinol reagent 
(Ig purified orcinol + 0.5g of FeC13 + 100ml of concentrated HCI) at 
boiling water bath for 2 0  minutes.
11. The intensity of green colour was measured at 660 nm by using a 
“Ultrospec-II” Spectrophotometer LKB/ Pharmacia, England).
12. The amount (or concentration) of RNA was determined by using 
standard curve.
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* DETERMINATION OF GLUTAMINE
Sigma cell culture reagents (USA)
Chemicals and Reagents
0.5M Acetate buffer, pH 5.0
100 mM Adenosine 5’ Diphosphate (ADP) .
2mM L- Glutamine (stock solution).
Glutamine Dehydrogenase (L-GLDH), 1200 U/ml.
Glutaminase 10 u/ml.
Hydrazine Hydrate (64% Hydrazine )
30mM P-Nictinamide Adenine Dinudeotide (NAD)
This (0.1 M) EDTA (0.002 M) Buffer
Glutamine concentrations in serum of muscles were determined by using a 
glutamine / glutamate determination kit (Sigma cell culture reagents).
Determination of Glutamine concentrations in serum & muscle were followed 
by two reactions:
Reaction (A): Deamination of glutamine
glutaminase
L-Glutamine + H2 O ----------------- > L - glutamate + N H /
Reaction (B) : Dehydrogenation of glutamate and reduction of NAD+
L-GLDH
L-glutimate + NAD+ + H20 ----------------- > a  - ketoglutarate + NH4+ +
NADH.
Final volume of 2.0 ml mixtures were read by using a spectrophotometer at 
340 nm.
Standard curve was determined by using 10 different L-glutamine (2mM, 
stock solution) concentrations.
Glutamine concentrations in unknown samples were calculated by using the 
standard curve.
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* Determination of Glucose:
Kit desorption : Bottle 1 standard
Bottle 2 Buffer / Enzymes / Chromogen
Samples serum
Prepration : To separate cellular constituents
Pipette 1ml URAC (deproteinizing solution) and 0.1 ml sample 
Flush the Pipette with the mixture several times 
Centrifuge the suspension
Use 0.1 or 0.2 ml of the supernatant for the assay.
For measurement at Hg 436 nm :
Pipette into test tubes:
blank satandard sampl
e
dist. water 0 . 1  ml - -
solution 1 0 . 1  ml -
deproteinized supernantant - - 0 . 1  ml
solution 2 5.0 ml 5.0 ml 5.0 ml
For measurement at Hg 578 nm or 560-620 nm
Pipette into test tubes:
blank satandard sampl
e
dist. water 0 , 2  ml - -
solution 1 - 0 . 2  ml -
deproteinized supernantant - - 0 . 2  ml
solution 2 5.0 ml 5.0 ml 5.0 ml
Mix and incubate at 20-25°C. Avoid exposure to direct sunlight. 
After 25-50 min, measure the absorbances of the sample 
( A s a m p ie )  against the blank.
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Calculaltion o f the concentration (C) o f glucose in serum
A  sam ple
C = 5 .5 5 x ..................  (mmol / L)
A  standard
* Determination of Insulin concentrations:
Enzymun-Test Insulin (ELISA)
Boehringer Mannheim 
Test vrincivle
In the first incubation step the serum insulin is bound by the insulin
antibodies coated onto the inside wall of the test tube. In the second
incubation step. POD-lablelled insulin (soin. 3a) occupies the remaining free 
binding sites on the antibodies (sequential saturation).
The amount of antibody-insulin -POD complex formed is a measure of the 
insulin content of the sazmple. The insulin POD conjugate not bound by the 
antibodies is removed in a “bound / free” separation step.
In the third incubation step (indicator reactioin soln 5a). the addition of
substrate and a chromogen (ABTS) results in formation of a dye. the
absorbance of which is proportional to the enzyme activity of the antibody- 
insulin-POD complex bound to the tube wall. The colour intensity that
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develops within a predetermined time is measured against the substrate / 
buffer solution (5a) . Which serves as a blank
It follows from the competition principle that increasing serum insulin 
concentrations in the sample will result in less insulin- POD conjugate- 
binding by the antibodies and hence in lower measured enzyme activities.
The results are obtained from a calibration curve that must be set up by the 
investigator using the standards provided in the kit.
* Insulin (radioimmunoassay)
(Coat - A-Count) DPC, Los Angeles, US 
Principle:
1. In the Coat-A-Count Insulin procedure, 125I-labeled insulin competes 
with insulin in the patient sample for sites on insulin-specific antibody 
immobilized to the wall of a polypropylene tube.
2. After incubation, isolation of the antibody-bound fraction is achieved 
simply by decanting the supernant.
3. The tube is then counted in a gamma counter, the counts being inversely 
related to the amount of insulin present in the patient sample.
4. The quantity of insulin in the sample is then determined by comparing 
the counts to a standard curve.
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Calculation of Results
To calculate insulin concentrations from a logit-log representation of the 
calibration curve, first calculate for each pair of tubes the average NSB 
corrected counts perminute:
Net Counts = Average CPM minus Average NSB CPM 
Then determine the binding of each pair of tubes as a percent of maximum 
binding (MB), with the NSB-corrected counts of the A tubes taken as 100%
Net counts
Percent Bound = ...........................  x 100
Net MB Counts
The calculaltion can be simplified by omitting the correction for nonspecific 
binding; samples within range of the calibrators yield virtually the same 
results when Percent Bound is calculated directly from Average CPM.
Using the logit-log graph paper provided with the kit, plot Percent Bound on 
the vertical axis against Concentration on the horizontal axis for each of the 
calibrators B through G, and draw a straight line approximating the path of 
these six points. (The standard curve for the alternate 3-hour , 37°C 
procedure should be based on calibrators C through G only.) Insulin 
concentratioins for the unknowns may then be estimated from the line by 
interpolation.
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* Liver and plasma zinc:
Tissue and serum zinc concentrations were determined by atomic absorption
spectroscopy. Tissues were prpared for Zn analysis as described by Giugliono
and Millward (1984).
1. Tissue samples were weighed into a 15 ml vitrified-porcelain crucible.
2. Dried at 100°C for 36 hours.
3. Twenty milligrams of dried powered tissue were dissolved overnight at 
room temperature in 1 ml concentrated HCI in a 5 ml plastic container 
(Sterilin).
4. Thoroughly mixed and diluted to 5 ml with deionized, distilled water.
5. Plasma samples were diluted with 20 vol. of deionized distilled water in 
5 ml plastic containers (Sterilin) and used for analysis.
6 . The Zn analysis of these samples was performed on a Pye-Unicom 
SP2900 Atomic Absorption Spectrophotometger (Pye-Unicom Ltd. 
Cambridge).
7. Absorbance was measured at 312-9 nm with standard solutions prepared 
from zinc nitrate.
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* Determination of Glutathione (NP-SH groups) concentrations:
Glutathione concentrations NP-SH (non protien sulfhydryl groups) were
estimated by using the Sedlak and Lindsay (1968) method.
Reagents and Chemicals:
Reduced glutathione 99.8% pure;
Ellman’s reagent [5,5’-dithiobis (2-nitrobenzoic acid)] (DTNB);
Ethylendeiaminetetraacetic acid-disodium (EDTA Naa);
Tris buffer 0.5M, pH 8.9,
Trichloroacetic acid (TCA).
1. A 200 mg frozen liver of each rat was homogenized in 8.0 ml of 0.02 M 
EDTA with a Ultra-Turex homogenizer by keeping in an ice bath.
2. The homogenates were kept in the ice bath until use.
3. Aliquotes of 5.0 ml of homogenates were mixed in 15.0 ml test tubes 
with 4.0 ml distilled water and 1.0 ml 50% TCA.
4. The tubes were shaken intermittently for 10-15 minutes and centrifuged 
for 15 minutes at 3,000g.
5. Two milliliters of supernatent were mixed with 4.0 ml of 0.4 M Tris 
buffer , pH 8.9, 0.1 ml DTNB added, and the sample shaken.
6 . The colour obsorbance was read with 5 min of the addition of DTNB at 
412 mm against a reagent blank with no homogenates.
7. Concentrations of unknown samples were estimated by using the 
standard curve.
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* Determination of Malondialdehyde (MDA) Concentrations:
Malondialdehyde (MDA) concentration was determined by Places, et al., 
(1966) method.
Reagents and Chemicals:
TEA Reagent: An 8 % TEA solution was prepared by dissolving
thiobarbituric acid (TEA) (BDH) Ltd., Pole, England) in a small amount of 
NaOH, then neutralized with 7% perchloric acid (PCA).
The TEA reagent was prepared by mixing 2 volumes of this TEA solution 
with 1 volume of 7.0% PCA.
Tris and Kcl buffer: 0.2M Tris-maleate and 0.16 M Kcl solutions were 
prepared and pH was adjusted to7.4 with help of 0.1 N Hcl.
Malonyldialdehyde (MDA) stock solution : 2x1 O' 3 M solution of MDA 
(K&K) Lab. Inc., Plainview, NY, USA) was prepared in redistilled water.
Tissue homogenates : Rat liver homogenates were prepared in a ratio of 1 gm 
of wet tissue into 9 ml of normal saline.
1. ml of tissue homogenates were mixed with 1.3 ml of Tris and Kcl buffer 
of pH 7.4 and incubated at 37°C for 30 min.
2. After which 1.5ml of TEA reagent was added
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3. The mixture was heated in a boiling water bath for 10 min using a 
marble as a condenser. After cooling, 3.0 ml pyridine/ n-butanol (3/1, 
v/v) and 1.0 ml IN NaOH were added and mixed by shaking.
4. The photometric measurement was carried out at 548 nm against reagent 
blank (without sample) by using a spectrophotometer (ultraspec II, 
LKB/Pharmacia, England). Concentrations of the unknown samples 
were estimated by usng the standard curve.
* Hepatic membrane isolation
1. Remove liver to 0.15M Saline. (All steps are done at 4* C). A portion of 
liver of approx. 1 g is placed in a conical tube to which 10 ml of buffer A 
are added. Buffer A (150mM NaCl, 1 mN CaCh, 10 mM tris HCI at pH 
7.5).
2. Livers are homogenized with 2-ten sec pluses of a Politron (Brinkmann 
Instruments, Westbury NY ) at a setting of 10.
3. The homogenate is certifuged for 5 min at 2,000 rpm in J2-21 centrifuge. 
The pellet is discarded.
4. The resulting supernatant is centrifuged at 8,000 rpm for 15 min and the 
pellet is discarded.
5. The supernatant is centrifuged at 38,000 rpm for 1 hr. in the 
ultracentrifuge (Beckman Instruments, Palo Alto CA) at 4* C.
6 . The pellet is resuspended in 6 ml of buffer A and flushed 10 times through 
a 2 2 -guage needle and ultracentrifugation is repeated for 1 additional hr at 
38,000 rpm.
7. The pellet is kept in cryule vials in liquid nitrogen to be used later in 
binding assays.
8 . Before using for binding, pellets are resuspended in 500 pi of buffer A by 
flushing 1 0  times through a 2 2 -guage needle and protein is determined.
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9. Hepatic membrane dilutions are prepared by taking an aliquot of the 
resuspended membranes and. adding buffer B (100 mM NaCl, 0.5 mM 
CaClz, 50 mM tris -HCI , 20 mg/ml bovine serum albumin at pH 7.5).
* Fatty acid extraction:
1. Stored liver membrane extract from above were centrifuged at 2500 prm 
for 5min and supernatant discarded.
2. Chloroform : methanol (2:1) 2ml were added and taken into 
homogenizing tube.
3. Homogenized on (standard tissue homogenizer system-head mill fitted
with aqueous / organic coarse homogenizing probe, 3pulses for 1 0  mins.
4. Centrifuged at 2500 prm for 10 min and clear supernatant stored in a
labeled test-tube.
5. Steps 2 - 4  were repeated three times.
6 . For 6  ml pooled supernatant % 2ml of n-saline added and vortexed for
5 min.
7. Centrifuged at 2500 prm for 10 min and lower organic layer taken and 
stored in labeled tube.
8 . Nitrogen gas blown over pooled organic extract to dryness and lipid 
extract saved for estérification.
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* Estérifications:
1. Extract taken with 10ml benzene : menthanol : conch2so4 (10:84:4) and 
put in teflon coated screw pyrex glass tube.
2. Cap closed and put in water bath and heated at 80-90oc for 1 and % 
hours with occasional shaking.
3. Bottles cooled and 15 ml distilled water added.
4. Extracted 3 times with hexane 5ml.
5. Hexane extract washed 3x with distilled water and extract in solvent 
hexane layer frozen for later Gas Chromatograph injection.
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A ppen d ix  IL RAW DATA
a ). Experiment 1 raw data for glucose, insulin, total protein , albumin zinc and glutamine in serum and DNA, 
RNA, total proteins, zinc, glutathione and MDA levels in liver.________________________
Serum biochemistry Liver
Animal nc glucose insulin total
protein
albumin zinc glutamine DNA RNA total
protein
zinc glutathione MDA
mmols/L pu/ml g/L g/L x10pg/L mmols/L pg/ 
100 mg
Mg/ 
100 mg
mg/ 100mg Mg/g nmols/
100mg
nmols/
100mg
Corn oil trauma
TC1 6.7 32.7 54.8 21.1 77 0.494 197.47 696.51 16.23 31.8 93.24 336.52
TC2 5.2 32.2 52.7 19.2 95 0.514 211.23 728 15.41 35.3 84.15 391.31
TC3 4.9 36.3 58.9 20.5 137 0.644 204.9 757.92 15.24 37.7 76.39 311.45
TC4 7.4 37.2 59.5 20.9 101 0.684 188.56 710.68 15.73 35.8 92.44 423.45
TC5 5.7 53.1 57 20.7 105 0.768 195.99 802 16.99 35.7 97.56 388.41
TC6 6.5 53.3 59.3 21.2 107 0.661 170.74 702.8 15.54 34.6 78.16 397.44
Corn oil pairfed
CP1 7.4 35.5 61.7 28.8 164 0.534 219.75 584.71 16.28 33.1 182.45 237.54
CP2 8.6 36.6 67.1 26.3 173 0.704 234.6 572.12 15.74 31.8 191.67 251.4
CP3 7.6 72.2 58.1 25.6 186 0.684 206.38 567.39 16.86 33 138.48 219.72
CP4 7.7 56.1 70.8 27.3 188 0.904 210.84 625.65 16.02 27.4 148.49 238.56
CP5 6.5 49 64.3 26.2 180 0.974 190.05 611.48 17.15 29.4 157.16 257.19
CP6 8.5 31.3 64.7 30.8 160 0.52 222.72 605.18 16.06 31.5 181.67 259.27
Olive oil trauma
T01 6.1 38.9 61.3 22.9 99 0.454 185.59 737.45 14.86 28.6 111.24 316.31
T02 4.7 40.5 49.3 18.2 107 0.344 243.51 800.43 15.21 34.2 91.45 329.45
T03 4.2 42.7 60.6 18.3 100 0.524 210.84 613.05 14.84 30.2 82.67 381.67
T 04 5.6 37.9 54 19.7 124 0.674 187.08 699.65 16.84 38.4 97.48 377.67
T 05 3.8 35.7 49.4 17.2 103 0.747 219.75 814.6 16.39 34.4 73.78 349.11
TOG 6.3 31.5 54.1 18.2 125 0.476 182.62 806.73 15.84 42.7 112.45 372.45
Olive oil pairfed
0P1 6.9 40.3 60.8 29.6 144 0.843 184.11 595.73 15.29 25.6 179.25 224.56
0P2 5.8 70.3 60.1 31.5 152 0.884 273.21 657.14 15.76 17.8 166.67 231.77
0P 3 7.5 41.3 61.5 28.5 172 0.746 185.59 545.35 16.24 24.8 123.78 262.45
0P4 8 39 65.4 29.6 145 0.849 170.74 630.37 17.92 22.6 188.97 257.46
OP5 7 53.3 66.3 30.1 159 0.879 250.93 658.72 16.16 25 174.24 259.11
0P 6 8.4 35.7 52 33.7 180 0.884 233.11 564.24 17.6 22.7 145.79 219.27
Fish oil trauma
TF1 4.3 38.1 47.2 20.9 117 0.446 167.77 805.15 16.18 34.4 129.23 298.11
TF2 4.3 38.3 57.2 17.8 107 0.468 191.53 825.62 15.29 27.7 136.78 311.41
TF3 5.3 38.7 52.6 20 110 0.648 184.11 872.86 16.15 30.3 119.27 278.15
TF4 5.2 57 57 19.7 103 0.446 213.81 792.56 15.98 37.4 97.45 284.15
TF5 5.5 35.9 58.3 19.3 113 0.455 190.05 806.73 14.82 40.6 129.32 277.16
TF6 4 39.8 56.3 20.5 107 0.439 206.38 825.62 16.3 39.4 131.39 297.15
Fish oil pairfed
FP1 5.6 48.1 64.5 28.7 151 0.493 262.81 703.58 17.3 23.2 169.24 234.56
FP2 7.2 36.1 71 30 159 0.724 185.59 712.25 16.3 24.5 172.44 244.78
FP3 6.3 52.7 78.5 22.9 146 0.746 200.44 619.35 17.72 30.1 145.67 281.67
FP4 4.8 43.3 63.2 27.1 170 0.846 213.81 616.2 16.2 27.2 156.67 211.78
FP5 5.9 41.6 75.8 29.3 175 0.645 240.54 691.78 17.66 34.6 139.45 229.84
FP6 6.7 36.1 64.7 25.4 163 0.834 225.69 676.04 16.54 29.8 182.45 236.57
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b). Experiment 1 raw data for organ weights and gastrocnemius muscle DNA, RNA, total
protein, glutamine, glutathione and MDA concentrations
Gastrocnemius muscle Organ Weights
Animal
no
DNA RNA total
protein
glutamine glutathione MDA Fat Pad G. Muscle Liver
pg/100mg pg/100mg mg/100mg mmols/kg nmols/100mg nmols/100mg gms gms gms
Corn oil trauma
TC1 177.9 777.03 16.88 4.29 181.24 116.23 1.14 1.19 7.64
TC2 88.8 934.49 14.91 4.38 192.45 124.57 1.7 1.33 8.5
TC3 192.75 808.52 15.36 4.22 162.31 131.82 2.84 1.21 8.43
TC4 177.9 903 16.87 3.84 148.67 119.78 4.24 1.24 9.9
TC5 192.75 540.85 17.44 5.28 187.44 142.82 1.87 1 8.79
TC6 148.2 950.23 16.03 4.48 198.43 127.44 1.84 0.71 7.95
Corn oil pairfed
CP1 207.6 635.32 18.34 5.12 345.46 97.45 1.18 1.36 6.69
CP2 103.65 792.78 15.87 7.38 289.37 111.48 1.19 1.04 6.92
CP3 207.6 462.12 16.87 6.31 276.11 88.79 1.68 0.99 7.09
CP4 207.6 635.32 18.39 5.3 267.24 97.45 2.29 0.99 7.86
CP5 192.75 446.37 18.29 6.2 281.67 117.56 1.31 0.91 6.44
CP6 163.05 745.54 16.36 4.82 291.77 98.76 1.52 1.35 7.2
Olive oil trauma
T01 133.35 887.25 17.28 4.11 209.24 128.45 1.93 1.01 9.05
T02 88.8 619.57 13.73 ' 4.23 187.36 131.33 1.27 0.84 6.18
T03 163.65 1091.95 15.35 3.92 166.67 118.17 1.48 0.81 8.23
T04 177.9 745.54 16.25 5.61 181.47 114.13 X 0.73 6.4
T05 192.75 981.73 16.05 6.12 154.36 115.39 2.55 0.75 6.08
T06 177.9 1044.71 16.25 4.78 193.34 128.46 2.71 0.92 7.67
Olive oil pairfed
OP1 163.05 745.54 17.17 6.81 311.45 107.44 X 0.81 5.44
OP2 118.5 572.34 14.04 6.62 297.96 89.85 0.87 0.99 4.9
OP3 187.6 792.78 15.76 7.33 284.78 92.67 1.97 1 6.57
OP4 192.75 509.35 17.36 7.56 278.31 110.67 1.8 0.91 5.82
OP5 182.45 792.78 16.96 6.31 301.45 101.44 X 0.91 4.84
OP6 207.6 777.03 16.96 6.03 257.78 88.22 2.88 1.14 8
Fish oil trauma
TF1 177.9 1107.69 15.34 4.88 231.34 97.22 1.33 0.77 6.7
TF2 163.05 1249.4 15.54 4.13 211.14 88.19 1.86 1 9.73
TF3 177.9 1406.86 16.35 4.31 179.56 95.33 1.81 1.06 8.8
TF4 192.75 1359.62 17.36 4.38 209.81 106.16 1.11 0.89 7.04
TF5 252.15 1249.4 18.27 5.8 187.44 109.22 1.59 0.95 7.82
TF6 103.65 1217.91 14.63 4.91 198.47 111.47 1.13 0.83 6.66
Fish oil paifed
FP1 182.45 934.49 16.35 5.37 289.45 88.45 0.77 0.72 4.59
FP2 207.6 835.32 17.36 6.22 317.23 91.75 2.76 1.22 7.82
FP3 222.45 1028.96 18.27 5.42 291.56 81.66 0.89 0.83 5.77
FP4 207.3 1202.17 17.56 6.36 277.87 84.45 X 0.69 5.36
FP5 177.9 1091.95 19.08 7.1 311.45 89.57 1.51 0.75 5.08
FP6 177.9 1044.71 16.86 5.17 269.45 101.49 1.57 1.01 6.48
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c). Experiment 2 raw data for glucose, insulin, total protein, albumin, zinc and glutamine
levels in serum and RNA, total protein, zinc, glutathione and MDA concentrations in liver.
Serum Biochemistry liver
Animal
no
glucose insulin total
protein
albumin zinc glutamine RNA total
protein
zinc glutathione MDA
mmol/L MU/ml q/dl P/dl MP/100ml uMole/ 100ml qg/100mg mg/IOOmg ug/IOOg umole/g nMole/g
Corn oil trauma
TC1 7.5 106 6.3 2.2 89.4 99.4 835.8 21.04 455.6 22.78 345.5
TC2 5.8 93 6.7 2.1 62.7 101.3 882.1 20.64 479.2 14.11 364.9
TC3 5.7 86 6 2 57.4 74.8 775.1 21.38 449.3 17.43 423.1
TC4 7 40 7.3 2 71.6 77.5 771.2 19.56 345.4 10.48 291.8
TC5 6.6 93 6.3 2.1 77.6 69.7 859 20.76 384.7 17.76 253.9
TC6 3.7 75 5.9 1.7 94.1 79.4 990.6 18.86 452.6 13.26 382.7
Corn oil pairfed
CP1 7 97 5.9 2.7 201.7 121.6 569.8 23.26 257.2 46.36 236.9
CP2 10 107 7.4 2.9 211.9 92.8 769.3 23.74 252.5 20.21 306.8
CP3 4.7 95 7.2 2.9 174.6 101.3 766.4 22.48 285.5 35.91 314.5
CP4 7 92 9.8 3.8 169.7 142.3 742 19.7 394.2 37.88 216
CP5 6.4 63 7.2 2.9 194.4 89.7 727.3 20.22 298.1 20.54 261.5
CP6 8.2 68 6.6 2.9 189.8 119.8 573.7 19.52 244.9 19.64 280.4
Olive oil trauma
T01 7 56 7.9 1.8 134.6 58.4 812.7 20.12 388.7 16.12 341.7
T 02 6.5 61 6.3 1.7 144.5 61.8 844.5 19 411.9 21.39 423.1
T 03 6.3 117 5.9 1.8 119.7 77.5 922.6 21.5 378.4 22.37 392.1
T 04 8.8 47 7.4 2.8 127.8 49.7 672.5 19.4 256.7 16.37 329.6
T 05 7.7 52 6.2 1.7 134.6 69.7 888.2 19.28 289.4 13.43 356.1
T 06 5.6 110 7.3 1.8 154.8 43.8 961.4 19.14 298.5 20.87 333.4
Olive oil pairfed
0P1 7.7 35 7.3 3.2 124 109.8 694.2 23.12 334.6 18.86 217.6
0P 2 8.5 52 7.4 3.2 158.9 87.4 462.8 21.26 281.9 19.55 314.5
0P 3 7.6 118 7.6 2.9 174.7 89.5 613.2 22.4 261.4 22.74 275.7
0P 4 8.1 49 8.2 2.8 189.8 119.8 657.8 20.38 284.7 27 280.4
0 P 5 5.2 71 7 3.1 188.9 101.3 654.2 19.74 258.6 11.55 234.9
0P 6 11.5 47 7.5 3.8 194.4 84.8 760.2 18.8 311.7 16.29 265.2
Butter oil trauma
TB1 3.4 106 6 1.8 144.6 109.4 752 20.48 391.7 22.13 279.6
TB2 6.8 108 6.3 1.9 91.4 129.5 870.5 21.58 345.4 21.6 345.5
TB3 6.1 175 5.8 1.7 127.9 98.7 691.3 21.54 289.5 19.27 357.2
TB4 6.4 88 7 1.4 134.7 89.4 741.9 18.42 291.6 10.16 394
TBS 9.2 49 6.1 1.7 144.6 119.8 698 18.46 324.7 13.59 348.6
TB6 8.1 64 6.9 1.6 87.4 109.4 807.8 19.58 367.7 10.81 352.4
Butter oil pairfed
BP1 7.9 36 6.7 2.8 181.9 171.4 595.8 23.7 249.4 14.28 299
BP2 6.8 92 6.8 2.8 162.7 129.5 633.4 20.82 478.5 26.83 267.9
BP3 6.5 74 8.6 3.1 119.7 134.6 682.5 25.98 341.8 20.04 314.5
BP4 6.2 77 7.3 3.1 177.8 145.7 654.2 21.72 287.9 15.31 384.2
BPS 9.6 90 6.3 3.1 124 142.3 573.7 21.82 249.4 23.75 365.2
BP6 6.8 56 7.5 3.2 169.7 121.6 628.5 20.7 265.6 23.02 318.3
Fish oil trauma
TF1 5.5 36 6.3 1.9 136.7 67.4 873.4 22.02 397.6 28.06 353.3
TF2 6.5 138 6.3 1.7 144.6 84.8 897.8 24.5 329.7 25.6 361.5
TF3 6.8 177 6.1 1.9 1T1.4 99.4 876.3 21.88 294.5 22.95 334.5
TF4 6.7 60 5.7 1.7 139.8 77.5 891.4 20.44 349.7 24.22 289.7
TF5 10.3 75 5.4 2.8 127.6 119.8 562.8 17.56 348.4 23.98 371.4
TF6 6.4 89 7.1 2.5 98.5 62.7 690.7 17.54 284.8 20.22 264.8
Fish oil pairfed
FP1 8.5 54 7.2 3.5 149.8 88.1 607.4 ' 24.98 389.7 24.79 344.5
FP2 8.1 132 6.9 3.1 169.7 129.5 725.9 22.72 346.4 23.89 257.3
FP3 6.2 45 7.2 3.3 128.4 96.7 711.5 25.14 278.5 30.23 287.4
FP4 6.8 92 7.6 3 124 109.4 673.7 21.06 322.6 30.36 349.5
FP5 8.7 108 8.5 2.9 144.5 101.3 655.4 20.74 267.9 21.85 297.4
FP6 11.2 52 8.1 3.8 119.7 88.1 581 21.68 311.7 22.43 309.5
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d). Experiment 2 raw data for organ weights and RNA, total protein, glutamine, glutathione and
MDA concentrations in liver.
Gastrocnemius Muscle Organ Weights
Animal no RNA total protein glutamine glutathione MDA Fat Pad G. Muscle Liver Heart
pg/100mg mg/100mg pMole/g nMole/g nMole/g gms gms gms gms
Corn oil trauma
TC1 129.35 2.16 5.13 78.6 79.65 2.8 1.8 8 0.7
TC2 166.75 1.77 3.92 90.87 89.15 1.9 2 9.2 0.9
TC3 141.8 1.95 4.31 91.79 91.05 2.8 2.3 7.6 1
TC4 141.8 2.12 3.09 172.65 79.75 1.8 1.6 7.5 0.9
TC5 123.1 1.89 3.44 149.91 100.5 2.6 2 8.6 0.9
TC6 163.65 1.98 — 148.11 76 2.9 1.8 6.7 0.8
Corn oil pairfed
CP1 126.2 2.16 5.39 139.95 56.85 3.5 1.6 6 0.7
CP2 101.25 2.24 6.45 119.49 58.75 2.4 2.1 7.3 0.7
CP3 135.59 2.18 4.63 184.92 79.65 2.2 1.9 5 0.8
CP4 113.75 2.16 4.92 213.57 57.15 4 1.8 7 0.9
CP5 116.75 2.26 4.31 225.84 37.94 5.2 2.2 6.8 0.9
CP6 132.45 2.24 258.54 74.1 4.9 2 7.3 0.8
Olive oil trauma
T01 166.75 1.86 2.91 99.06 102.45 3.3 2.1 10.5 1.1
T02 163.65 1.88 3.09 107.22 66.38 4.4 2.3 10.2 1.1
T03 151.15 1.88 2.41 82.25 110.05 3.4 1.9 9.9 1.2
T04 166.75 1.86 3.54 205.38 91.05 1.9 1.9 9.2 0.9
T05 126.25 2 2.22 189.03 85.4 3 1.6 9 0.9
T06 137.7 1.92 — 209.46 60.9 2.3 1.7 9.1 1.2
Olive oil pairfed
0P1 120 1.94 3.97 189.03 83.45 5.8 2.2 10.3 1.1
0P2 144.4 2.06 3.21 139.95 60.65 4.5 1.9 8.7 0.8
0P3 132.45 2.08 4.56 172.65 66.35 3.9 1.9 8.5 1.1
0P4 135.45 2.08 4.71 197.19 72.2 3.8 2.1 7.9 0.7
0P5 141.8 2.24 3.92 168.57 53.35 3.3 2.1 6.3 0.9
0P6 104.4 2.32 — 225.81 79.75 8.1 2.1 7.6 0.8
Butter oil trauma
TB1 169.9 1.86 5.22 193.11 104.35 1.5 2.1 8.8 0.9
TB2 141.8 1.94 4.91 221.73 91.05 1.4 1.7 8.7 0.9
TB3 144.95 1.94 4.36 94.98 64.45 5.4 1.8 7.1 0.9
TB4 166.75 1.94 5.31 213.57 81.65 3.2 1.6 7.2 0.7
TB5 154.3 2.04 4.57 184.92 79.75 3.5 2 8.6 0.9
TB6 120 2.06 — 213.54 62.8 2.8 2.1 8.5 0.9
Butter oil pairfed
BP1 126.2 1.9 5.67 184.92 83.45 2.2 1.9 6.2 0.7
BP2 135.6 2.26 7.41 205.38 66.35 2.9 1.7 5.8 0.7
BPS 123.1 2.06 7.56 164.49 75.88 4.4 1.7 6.4 1
BP4 141.8 2.14 6.72 209.46 64.7 2.6 1.8 5.2 0.6
BPS 160.55 2.34 5.32 217.65 42.05 3.5 2.2 6.7 0.9
BPS 123.1 2.34 — 221.73 43.95 4.8 1.9 5.6 0.7
Fish oil trauma
TF1 164.85 1.78 3.86 168.57 91.7 2.7 1.6 7.7 0.7
TF2 187.95 1.84 4.24 172.65 62.45 2.7 2 8.7 0.8
TF3 182.35 1.94 3.91 197.19 87.25 3 1.8 8 0.7
TF4 188.6 1.92 3.23 209.46 81.65 1.3 2 7.8 0.7
TF5 173 1.84 4.56 311.7 98.6 2 1.6 9.1 1
TF6 154.95 2.02 197.19 92.95 2.8 1.5 7.5 0.8
Fish oil pairfed
FP1 123.1 1.94 4.92 258.54 79.65 2.7 1.8 6.9 0.6
FP2 141.65 2.26 5.11 184.92 . 54.5 4.5 2.2 6.6 0.8
FP3 144.95 2.2 4.56 238.08 82.65 2.5 1.9 5.7 0.9
FP4 135.55 2.28 3.78 336.24 83.55 1.3 2.1 5.8 0.8
FP5 144.95 2.24 3.84 229.92 68.25 2.8 2 6.2 0.6
FP6 123.65 2.18 — 291.24 101.35 1.9 2.4 6.6 0.7
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e). Experiment 3 Raw data for albumin and zinc levels in serum and RNA, total protein, zinc,
glutathione and MDA concentrations in liver.
S e r u m  || Liver
albumin zinc RNA protein
cone
zinc glutathione MDA
animal no g/L pg/100ml pg/100mg mg/100mg pg/100g pmole/g nMole/g
Corn oil Trauma
TC I 16 .4 80 835 .8 13.33 240 9 .97 267 .9
TC2 26 .2 60 882.1 12.29 280 6 .98 240
TC3 23 .9 80 775.1 13 .04 260 6.16 206
TC4 29 .6 80 771 .2 13.99 260 7.81 281 .2
TC5 24.8 100 859 14.15 290 8.9 243
TC6 25.1 60 990 .6 14.19 290 5.88 232 .2
Corn oil control
C l 33.6 140 569 .8 15.55 440 11.91 224 .2
C2 36 .7 160 769 .3 13.59 280 12.46 186
C3 29.7 160 766 .4 14.03 360 12.46 207 .9
C4 31 .2 100 742 14.97 400 9 .99 177 .7
C5 35.1 140 727 .3 14.92 360 10.54 188 .5
C6 32 .2 140 573 .7 14 480 7 .26 128 .7
Olive oil trauma
TO I 30 .2 80 812 .7 14 .54 360 10.16 213 .3
T 0 2 30.6 100 844 .5 14.91 280 10.71 224 .2
T 0 3 28.1 60 922 .6 14.91 280 11.26 175 .2
T 0 4 33 .2 100 672 .5 13.94 260 10 .28 2 5 9 .4
T 0 5 32.9 80 888 .2 13.85 300 7 .97 297 .6
T 0 6 27 .2 100 961 .4 14.36 240 8 .79 313 .9
Olive oil control
0 1 34.1 100 694 .2 14.45 380 11.02 153 .3
0 2 34 .5 120 462 .8 14.83 360 10 .54 175 .2
0 3 33 .9 120 613 .2 14.99 400 11 .29 196 .9
0 4 33 .4 80 657 .8 15.05 380 7 .73 188 .5
0 5 35 .4 120 654 .2 14.23 340 7 .73 172 .2
0 6 4 0 .4 100 760 .2 15.23 340 12.12 199 .5
Butter oil trauma
TB1 30 .6 80 752 15.43 340 6.43 3 11 .4
TB2 31.8 80 870 .5 15.4 320 5.06 251 .5
TB3 29.9 60 691 .3 15.18 300 7 .26 218 .8
TB4 29 .2 100 741 .9 15.05 300 6.16 292
TB5 33.6 80 698 15.12 320 6.98 2 3 2 .2
TB6 30.1 60 807 .8 14.47 320 9 .45 275 .8
Butter oil control
B1 38 .2 100 595 .8 16.88 420 13.28 202 .3
B2 31 .7 120 633 .4 16.26 280 7.8 158 .8
B3 36.1 140 682 .5 15.86 340 8.9 2 0 7 .9
B4 34 80 654 .2 15.58 420 7 .26 2 21 .2
B5 36.7 100 573 .7 14.95 420 9.17 188 .5
B6 37.3 100 628 .5 14.92 400 10 139 .5
Fish oil trauma
TF1 34 .4 120 873 .4 13 .64 280 1 0 .54 2 56 .9
TF2 32.6 120 897 .8 14.55 300 10 213 .3
TF3 32.6 40 876 .3 14.14 360 7 .26 2 0 7 .3
TF4 30 .2 60 891 .4 13.94 260 10 .82 303
TF5 30 .6 80 562 .8 14.22 280 11.91 275 .8
TF6 32.2 60 690 .7 13.91 360 11 .36 232 .2
Fish oil control
FI 35.3 100 607 .4 14.55 340 13 .28 218 .2
F2 32 .7 100 725 .9 14.85 380 12 .73 180 .6
F3 33 .2 80 711 .5 14.04 300 11 .64 207 .9
F4 35.3 80 673 .7 13 .94  / 340 10 188 .5
F5 35.5 100 655 .4 14 .47  : 340 8.08 166 .8
F6 35.9 80 581 14.91 340 10 .82 226 .8
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f). Experiment 3 Raw data for glucose tolerance and insulin concentrations.
Plasm a G lucose  C o n cen tra tio n s  (mmole/L) Insulin  c o n ce n tra tio n s  (pU /  ml)
Animal
no
0-min 3-min 6-min 9-min 12-min 15-min t 1/2 K % 0-min 3-min 6-min 9-min 12-min 15-min Insulin
area
Corn oil Trauma
TC1 9.24 20.14 18.78 17.9 17.12 16.64 51.02 1.36 30.23 86.74 77.83 99.44 128.67 180.36 1355
TC2 8.74 20.7 19.32 18.09 16.68 15.84 30.71 2.27 34 81 96.32 87.32 101.27 149.04 179.32 1457
TC3 9.21 20.89 19.18 17.84 17.22 16.14 37.59 1.84 29.36 87.66 80.43 98.36 127.84 158.49 1306
TC4 11.89 21.54 20.11 19.04 18.23 17.44 44.15 1.57 34.8 107.63 97.84 129.56 144.3 181.29 1550
TC5 10.27 20.33 18.39 17.03 16.05 14.01 23.75 2.92 27.33 90.44 78.44 121.42 152.8 171.98 1487
TC6 9.33 21.82 19.78 18.04 16.78 14.96 22.84 3.03 32.36 101.19 89.48 117.84 131.84 162.84 1411
Corn oil control
C1 9.24 21.21 18.87 16.93 15.27 13.52 18.84 3.68 20.69 60.16 52.54 57.14 92.8 129.98 929
C2 8.07 16.64 14.88 13.52 12.65 11.77 27 2.57 19.56 77.84 68.34 81.46 110.87 141.44 1130
C3 9.24 23.74 20.43 18 15.27 13.13 13.94 4.97 19.78 58.65 82.45 100.97 121.8 161.94 1276
C4 8.27 22.47 20.43 18.58 16.93 15.37 21.96 3.15 22.38 68.32 59.34 68.34 84.89 121.32 931
C5 10.04 20.96 18.84 16.67 15.28 14.1 21.73 3.19 19.43 71.34 62.93 87 57 11.32 136.81 1118
C6 9.28 21.34 18.96 17.14 15.85 14.29 22.44 3.09 24.36 79.56 64.32 86.88 107.32 142.84 1129
Olive oil trauma
T01 12.61 20.24 18.68 17.51 16.05 14.98 27.74 2.5 39.77 98.77 74.37 88.48 110.36 149.74 1195
T02 9.11 20.84 18.24 16.81 15.22 13.81 22.26 3.11 27.56 79.32 86.49 98.33 127.32 156.47 1302
T 03 11.28 21.5 19.5 17.9 16.25 14.88 23.45 2.95 31.64 68.37 73.29 93.72 119.84 141.32 1195
T04 10.46 20.7 18.49 16.93 16.25 15.76 39.96 1.73 49.84 70.36 92.44 129.36 128.32 151.54 1381
T05 9.24 20.4 18.58 18.19 16.73 15.37 31.85 2.17 23.26 89.87 76.58 81.34 116.92 132.4 1157
T06 7.39 22.28 20.24 18.19 15.37 13.52 15.07 4.6 38.29 66.71 82.48 99.35 126.67 144.84 1258
Olive oil control
01 7.68 23.06 21.11 18.97 17.12 15.37 19.71 3.51 15.17 68.43 48.65 46.97 58.44 91.19 691
02 9.24 23.19 20.08 17.67 15.28 13.19 14.19 4.88 24.94 53.98 49.98 64.91 107.79 131.72 998
0 3 9.08 22.81 19.84 17.32 15.58 14.01 18.08 3.83 19.24 67.89 58.21 71.77 92.48 109.73 939
04 10.01 21.62 17.98 15.24 13.57 11.84 15.18 4.56 22.45 52.82 40.48 89.23 93.82 99.45 922
0 5 10.82 21.37 19.07 17.81 15.44 13.29 16.95 4.09 19.37 62.44 59.44 58-51 72.32 88.69 780
06 10.96 20.62 18.19 16.27 15.09 13.96 23.91 2.89 22.42 84.39 71.84 62.45 89.78 128.74 986
Butter oil trauma
TB1 11.1 18.39 17.12 16.25 15.37 13.82 29.78 2.32 28.76 97.84 87.91 120.34 181.62 220.81 1721
TB2 9.72 21.72 19.89 19.01 18.24 17.3 45.2 1.53 29.34 87.81 110.8 139.45 162.86 208.67 1710
TB3 9.36 21.79 20.53 19.46 18.58 17.8 43.8 1.58 37.3 126.32 97.84 140.52 191.36 246.29 1912
TB4 9.78 17.61 17.02 16.73 15.76 14.49 38.32 1.81 23.41 90.23 96.24 110.36 199.39 234.81 1798
TB5 10.39 19.81 17.8 16.28 15.57 13.97 26.95 2.57 49.82 109.48 176.3 150.57 210.67 266.31 2180
TB6 9.36 20.21 18.5 16.29 15.19 13.79 21.8 3.18 31.79 94.57 135.5 169.32 216.46 241.6 2109
Butte r oil control
B1 7.69 20.33 18.39 16.64 15.27 13.52 20.61 3.36 20.79 61.11 61.45 46.05 105.5 153.49 1015
B2 10.41 20.14 18.19 16.54 15.18 14.11 24.52 2.82 19.72 71.72 58.86 62.73 78.89 137.45 933
B3 9.23 20.47 18.68 16.91 15.52 14.01 21.91 3.16 28.64 59 78 50.45 68.97 110.34 141.89 1047
B4 8.87 19.89 18.72 16.34 14.82 13.4 18.89 3.67 24.79 89.34 79.95 91.78 119.44 168.34 1280
B5 9.21 20.19 18.87 17.28 15.82 14.61 24.29 2.85 31.34 72.89 61.44 58.37 89.11 131.48 950
B6 9.68 18 16.64 15.76 15.27 13.82 35.32 1.96 28.76 88.44 86.44 110.24 131.78 141.44 1325
Fish )il trauma
TF1 11.05 20.33 18.97 17.71 16.44 15.95 35.69 1.94 29.74 84.78 72.89 60 34 90.78 125.45 979
TF2 10.78 19.17 17.51 15.76 14.2 12.94 20.55 3.37 24.38 91.49 110.2 147.6 188.29 220.31 1852
TF3 11.85 19.41 18.81 17.92 17 16.21 41.66 1.66 29.24 76.48 66.22 53.48 80.33 110.47 870
TF4 10.11 20.19 18.72 17.11 16.02 14.82 27.12 2.55 32.32 58.97 76.44 77.34 92.81 131.36 1029
TF5 9.24 19.78 17.52 15.72 14.04 12.81 19.75 3.5 29.72 70.92 82.78 91.46 156.27 144.88 1348
TF6 9.83 19.36 16.93 14.98 13.13 11.67 16.66 4.16 28.3 56.49 77.09 92.34 119.92 128.36 1158
Fish >11 control
F1 8.85 17.47 14.99 13.23 11.81 9.82 15.04 4.61 11.03 54.47 65.57 55.98 64.07 83.98 737
F2 9.89 21.51 19.29 17.01 15.22 13.54 17.72 3.91 11.3 : 58.4 62.4 72.13 99.78 114.76 977
F3 9.63 17.61 15.37 13.43 11.48 9.63 13.33 5.2 18.-42 - 48.24 40.27 52.89 59.74 70.19 631
F4 9.24 18.48 16.15 14.3 12.55 10.89 15.07 4.6 19,34 52.17 62.82 70.57 82.74 99.83 873
F5 98.31 20.47 18.31 16.52 14.82 13.31 19.51 3.55 14.36 72.34 63.48 57.92 77.89 91 44 821
F6 10.19 20.32 18.97 17.84 17.84 15.3 29.38 2.36 23.65 61.72 51.48 43.78 72.84 110.27 776
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